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HIGH-SPEED HYDRODYNAMIC CHARACTERISTICS OF A

FLAT PLATE AI?D20° DEAD-RISE SURFACE IN

UNSYMMETRICAL PLANING CONDITIONS

By Daniel Savitsky, R. E. Prowse, and D. H. Lueders

SUMMARY

The results of an investigation made to obtain the wetted areas,
the three components of planing forces, and the three components of
mcments acting on a 0° and a 200 dead-rise surface in high-speed, unsym-
metrical planing conditions are presented. Hydrodynamic data were
obtained for trim angles between 6° and 30°, roll angles between -15°
and 15°, yaw angles between 0° and 20°, mean wetted-length-beam ratios
up to 7.7, load coefficients up to 49.0, and speed coefficients up to
Ia.o.

t,
The collected test data are presented in sumnary plots which are

readily applicable for use in determining the lift, drag, side force,
pitching moment, rolling moment, and yawing mcment. An analysis is pre-

9 sented of the variation of these quantities with unsymmetrical planing
parameters.

It was found that the wave rise at the leading edge of the tested
planing surfaces was independent of yaw angle for all test conditions.
The wave rise at the leading edge of an unrolled flat plate was equal to
that of the symmetrical planing flat plate. For the rolled flat plate,
the angle of inclination of the spray root line to the keel was identical
to that of a wedge whose dead-rise angle is equal to the roll angle. In
the case of the tested 20° dead-rise wedge, the spray root angle at the
leading edge of the rolled-down side was equal to that of a hypothetical
wedge whose dead rise is equal to 20° less the roll angle. The angle of
the spray root line relative to the keel for the ro31ed-up side of the
20° deadrise surface was essenti@ly constant and independent of roll
angle.

There was a pronounced effect of finite chine-edge thickness on the
hydrodynamic forces, moments, and spray formation at certain unsymmetrical
planing conditions.for a flat plate. Depending upon particular comblna-

T tions of planing parameters large negative or positive pressures were
k’ developed along the length of the chine with finite thickness and noticeable

.



2 NACA TN 4187

changes were observed in the spray formation associated with the affected b

chine edge. Summary plots are presented which define the inception of
the chine-edge effects in terms of unsymmetrical planing conditions. s

INTRODUCTION

In recent years various research studies have been made at the
Experimental Towing Tank, by the National Advisory Committee for
Aeronautics, and at the David Taylor Model Basin with the intent of pro-
viding fundamental hydrodynamic planing data for planing surfaces of sim-
ple prismatic form. Most of these investigations have been concerned
with symmetrical planing conditions and have resulted in the publication
of much data for the unyawed, unrolled case (refs. 1 to 7). Present
developments in water-based aircraft have demonstrated the need for
information on the hydrodynamic forces and moments on surfaces in unsym-
metrical planing conditions. The existing literature, however, contains
very little experimental or analytical work on this subject (ref. 8).

The present paper presents the results of an experimental study of
the hydrodynsxnicforces and moments acting on 0° (flat bottan) and 20°
dead-rise prismatic surfaces when operating in unsymmetrical, high-speed
planing conditions. The investigation was carried out at the E~erimental
Towing Tank, Stevens Institute of Technology, Hoboken, New Jersey, under
the sponsorship and with the financial assistance of the NACA. 4

Planing tests were made for beam loadings up to 49.0, wetted lengths
up to 7.7 besms, trim angles up to 30°, yaw angles up to 20°, roll angles

u

up to t15°, and at speed coefficients between 7 and 18*o. The planing
characteristics determined were wetted area; resistance; side force;
pitching, rolling, and yawing moments; and draft for various cmnbinations
of load, speed, trim, yaw, and roll. An investigation was also made of
the effect of finite chine-edge thickness on the forces and moments on
the planing flat plate.

SYMBOLS

A area of wetted chine, sq ft

b beem of planing surface, ft

c side force, lb

Ccb side-force coefficient (positive to starboard), L
~ /b2 J

.
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Cp ‘

Cy‘

CA

D

d

drag coefficient (positive aft),
D

g ~2~2
2

draft coefficient,

normal-chine-force

d/b

coefficient (positive to starboard), _
p 2A~v

rolling-moment coefficient (positive

lift coefficient (positive upward),

‘peed Coefficient’ &-

pitching-mment coefficient (positive bow up),
&
2

yawing-moment coefficient (positive to starboard), ~
$ @b3

Pe
coefficient of longitudinal center of normal chine force, —

~b

longitudinal center-of-pressure coefficient in body axis, ~

lateral center-of-pressure coefficient In body sxis, Yb

load coefficient,
$5

drag force, lb

draft of model center line at trailing edge (measured verti-
cally from undisturbed water surface), ft

incremental force due to chine thickness, normal to chime, lb

acceleration due to gravity, 32.2 ft/sec2

rolling moment, ft-lb

.
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L lift force, lb

Lc =
Wetted length of port or starboard chine

Beam

NACA TN 4187

h=
Wetted length of keel

Beam

L1 = Wetted length of port chine
Beam

~. Wetted length of starboard chine
Beam

M pitching moment, ft-lb

N yawing moment, ft-lb

P distance from center of pressure to ski trailing edge, ft

Pe distance frcnncenter of pressure on wetted chine to ski
trailing edge, ft

t thickness of chine edge of flat plate, ft

v horizontal velocity, ft/sec

w specific weight of water, lb/cu ft

Y lateral distance from center of pressure to ski center line
in body axis, f%

P angle of dead rise, deg

Be effective angle of deadrisey B *$, deg

A vertical load on water, lb

?!
~+L~

mean wetted-length-beam ratio,
.%

4 Z-

P density of water, slugs/tuft

T trim angle (as defined in appendix A, positive bow up), deg

4

“

‘# roll angle (as defined in appendix A, positive to starboard),
deg

8

.
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* yaw angle (as defined in appendix A, positive to starboard),
deg

Subscripts:

1 in regard to moment coefficients refers to trailing edge of
ski. All moment coefficients without this subscript have
their origins at a point on the ski-bottm center line 3 beams
forward of the trailing edge. Moment coefficients with this
subscript have their origins on the ski-bottom center line at
the trailing edge. With regard to wetted-lengkh-beam ratio,
subscript signifies distance fran ski trailing edge to still
water surface, taken along ski, as ccmputed from draft and
trim.

A prime indicates coefficient in body axis.

DESCRIPTION OF MODELS

A sketch and pertinent dimensions of the four planing models used
in this investigation are shown in figure 1. The models, made of brass,
had a len@h of 18 Inches and a beam of 2 inches. The planing bottan of
each model was machined to a high polish and all edges, including the
trailing edge, were machined knife sharp. A series of lines, spaced at
intervals of 0.10 beam, were painted across the keel and chines in order
to obtain measurements of the wetted lengths. These painted stripes were
then buffed in order to provide for a smooth finish of the planing bottcm.

It till be noted that there are three flat-plate models having chine-
edge thicknesses of O.(XIO,0.182, and O.- inch. Three flat-plate models
were constructed in order to investigate the effect of finite chine-edge
thickness on the hydrodynamic forces and moments.

APPARATUS AND PROCEDURES

Towing Equipment

All.tests were run in Tank No. 3 of the Experimental Towing Tank
(designated ETI’herein) using a towing apparatus which permitted the
model to be towed at a fixed trim, roll, and yaw, and with freedom in
heave. A photograph of the test setup is given in figure 2. The towing
carriage is equipped with a loading and counterbalancing beam so that a
specified load on the water can be obtained. For each test run, the
model was set at a specified trim, roll, and yaw, loaded to the desired



6 NACA TN 4187

load, and towed at a constant speed. The modelwas free to rise and
.

seek the position of equilibrium at which the bottom area was sufficient
to suppofi the load. No devices for inducing turbulence into the boundary “
byer were used.

Force and Moment Dynamometer

Instrumentationwas provided to measure the six components of force
and moment acting on the planing surface. The horizontal drag force and
the vertical load on the water were obtained frcm the standard instrumen-
tation provided on the towing carriage. The side force and the three com-
ponents of moment were measured by a specially constructed foux-component
electronic balance mounted between the towing carriage and the planing
surface. Since the existing a~aratus on the towing carriage provided
for force measurements in a fixed-axis system oriented in the direction
of the horizontal planing velocity, the four-component balance was con-
structed so as to measure forces and moments in this same fixed-axis
system. Hence, regardless of the orientation of the planing body, the
test forces and moments were always measured in the fixed-wind-axes sys-
tem. The origins of both the fixed-axes and body-axes systems coincided
and were located on the bottan surface’of the model, a distance 6 inches
(3 be~s ) fo~ard of the trailim edge measured along the longitudinal
center-line axis of the model (see fig. 1). The orientation of the model
axes relative to the fixed axes in terms of trim, roll, and yaw is
described in appendix A ad illustrated in figure 3. The sign convention
for the forces and moments is that adopted by the American Towing Tank
Conference (ref. 9) and is described in appendix A.

we drag-force dynamometer used in these tests can be seen in fig-
ure 2. Under the action of a drag force, a portion of the towing carriage
that was restrained by horizontal springs moved aft and, in the process,
activated the core of a Schaevitz linear variable differential transformer.
The signal from this unit was transmitted through em overhead shielded
cable to stationary amplifying and recording equipment. The overhead
cable was supported along the entire length of the tank and moved with
the carriage, thus providing a continuous circuit with no sliding contacts.

The four-cmponent balance used to measure side force, yawing,
rolling, and pitching moment is shown in figure 4. As in the drag-force
dynamometer, Schaevitz units are used as the sensitive elements and their
signal is transmitted to the recording equi~ent thyough the system of
overhead cables.

The action of the four-component balance is as follows. Four separate
spring systems, marked (a), (b), (c), and (d), in figure k compose the
dynamometer and each is sensitive to only one component of force or moment.
Spring system (a), which is sensitive to pitching moment, can be considered

4

.
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.=, as being a section of the lower part of an A-frsme whose apex is located
on the bottom of the test model at the origin of the axes system pre-

. viously described. The small, necked-down links to.which the arrow (a)
is directed in figure 4 are parts of the equal legs of the A-frame. If
the resultant hydrodynamic force is applied at the apex of the A-frame,
i.tis resolved into axial loads in each of the links which are designed
so as to be considered infinitely rigid under the action of an axial
force. If the resultant force is applied away from the apex this results
in a moment being applied to the A-frsme at the apex. ,Thenecked-down
section of the links causes them to bend under the action of a moment and,
hence, to actuate the core of the Schaevltz unit. The spring system (b)
works on the same principle as (a) and measures the rolling moment. The
yawing moment is measured by the system of four vertically positioned
torsion springs (c) whose axis passes through the origin point on the
bottom of the planing surface. The side force is measured by the spring
system (d) which acts as fixed-end cantilever beams. A thorough calibra-
tion of the balance indicated insignificant interaction effects between
the various spring systems over the range of test measurements.

The ad.lustmentsand scales for setting the yaw, pitch, and ro12
angles are iocated between the
model and are marked (e), (f),

Wetted

t
The wetted bottom area of

four-component balance
and (g), respective,

Length and Area

the model was obtained

and the planing
in figure 4.

frcm underwater
photographs taken with a 70-millimeter camera. The apparatus used to
&btain the photographs is shown in figure 5. The camera and lights were
located in watertight glass-top boxes submerged in the center of the
tank ”and3 feet (18 model beams) under the level water surface. As the
model passed over the camera, the shutter was actuated by a photoce~
unit which also flashed two high-speed, electroflash lights. The actuating
mechanism in the camera autcmaticall.ycocked the shutter and wound the film
between test runs. Figure 6 is an enlargement of a typical underwater
photograph of the bottom. The wetted lengths are measured from the
trailing edge to the intersection of the spray root line with the keel
and chines. The mean wetted-len@h-beam ratio is taken to be the area
defined by wetted keel and chine len@hs divided by the square of the
beam.

Draft

Measurements of the model draft were made during each run by visual
obsenation of a heave scale attached to the carriage as shown in fig-
ure 2. The running draft is defined as the depth to the bottcm of the
center of the trailing edge below the level water surface..

.
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Aerodynamic Tares

The aeroi@amic forces and moments acting on the model and apparatus *
were determined by towing the model in air, over the test range of yaw,
ro~r trim, and speed with the trailing edgeof the model 1/2 inch above
the level water surface. For the most part, the aerodynamic forces were”
only of moderate value, while the aerodynamic moments were insignificant.
The force coefficients given in table I have been corrected for the aero-
dynamic tares.

PRECISION

The quantities measued are believed to be within the following
limits of precision:

Resistance, lb . . . .
Side force, lb . . . .
Fitching moment, ft-lb
Yawing moment, ft-lb .
Rolling moment, ft-lb
Wetted length, ft . .
Draft, ft . . . . . .
Trimj roll, yaw, deg .
Speed, ft/sec . . . .

These limits were
made during the tests.
level of 95 percent.

An outline of the

. . . . . . . . . . . . . . . . .,.s. to.163

. . ...0 ,.,... . . . . . ● . . . M .125
● m.... ..*.., ..*,*. ● . . M. 150
● . . . . ● **... ● ..*** . . . M.041
. . . . . . . . . . . . . ..**. .*. *o. 042
. . . . . . . . . . . . . . . . . . .,s M.021
. ..*.* ..*.,, . . . . . . . . . *O.0082
. . . . . . . . . . . . . . . . . . . . . 20.20
● m..*. .*,..* .**.*. ..9 da.05

obtained frm a statistical analysis of reruns
They are the values obtained for a confidence

TEST PROW

basic planing test progrm is presented in fig-
ure 7. This outline Is mainly intended to indicate the range of test
parameters and hence it is not to be concluded that each load-speed com-
bination plotted in figure T(a) was tested at each yaw-roll combination
given in figure T(b). The tabulation of test data in table I indicates
the specific combinations of yaw, roll, load, and speed considered in
these tests. The major portion of the investigation was conducted at
trim angles of 6° and X“ with a moderate ntqnberof tests being made at
intermediate trim angles of 12°, 180, and 24°.

In the initial stages of the ~rogrsm it had been planned to make an
extensive study of the planing forces and moments at speed coefficient-s
of 10 and 14. In the early stages of testing it was found that, for the

—

“

.
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.
given test parameters, there was no noticeable gravity effect at these
speed coefficients and hence the bulk of the test conditions at Cv = 10
was omitted.

TESTRIHILTS

The experimental data obtained for each of the tested planing sur-
faces, together with a tabulation of the test conditions, are given in
tables I and II. The data in table I are for the flat plate with chine
edges of zero thickness and for the 20° dead-rise surface. Table II pre-
sents supplementary data obtained for flat plates having chine edges
0.091b and 0.182b thick in order to demonstrate the effect of finite chine
thickness on the basic planing forces and moments. All data are tabulated
in the form of nondimensional coefficients of load, resistance, side
force, pitching moment, yawing moment, rolling moment, wetted length,
draft, and center of pressure. The six components of force and moment
coefficients are presented in both the wind- and body-sxes system. The
reference point for the tabulated manent coefficients C c~) n) Ck)
Cm’, Cn’, and Ck’ is located on the bottam surface of the model a dis-

tance 3 beams forward of the trailing edge, measured along the longitudinal
center-line axis of the model. For the 20° dead-rise surface two additional

\
moment coefficients ~1’ and Cnl’ are tabulated in the body axis. The

reference point for these coefficients is at the trailing edge of the
model. For the flat plate, the longitudinal and lateral locations of the

. resultant hydrodynamic force are tabulated in the form of coefficients ~~

and CY1. The sign conventions for the force and moment coefficients are
.

those presented in reference 9 and are described in appendix A, The test
data are tabulated in order of increasing values of Cv, T, IJ, @,

and CA.

The lift-coefficient data obtained herein, with 2-inch-beam models,
are compared with corresponding data obtained at the NACA with h-inch-
besm models (refs. 4 and 5) in figures 8 and 9. Plots of the lift, drag,
side-force, and center-of-pressure coefficients, in both the wind and body
axes, Ue presented in figures 10 to 14 for the flat plate of zero chine-
edge thickness. The lift, drag, side-force, and moment coefficients for
the 20° dead-rise surface are presented in figures 15 to 20.

Figures 21 to 23 indicate the wave rise at the leading edge of a
flat plate in both symmetrical and unsymmetrical planing conditions.

—

Figures 24 and 3 show the wave rise for the 20° dead-rise surface.

.

.
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The boundaries of inception and the magnitude of the finite-thickness --
chine-edge effect on the hydrodynamic forces acting on a flat plate in
unsymmetrical planing conditions are given in figures 26 to 28.

ANALYSIS AND DISCUSSION

An analysis of the present test data has been made for the purposes
of determining the effect of unsymmetrical planing conditions on (a) the
hydrodynamic lift, side force, and drag, (b) the three components of
moment and the center of pressure, (c) the wave rise at the leading edge
of the wetted area, and (d) the effect of f-i’nitechine thickness on the
hydrodynamic forces on a flat planing surface. A discussion of each of
these phases of the analysis is given separately in the followlng sections.

The discussions of the effects of roll and yaw on the dependent vari-
ables are based on analyses of the data and of crossplots of these data.
These discussions are intended to be qualitative rather than quantitative,
since a quantitative analysis would be extremely lengthy and would require
the presentation of a very large number of crossplots. These additional
complications are felt to be unwarranted at this time.

Hydrodynamic Scale Effect

4
In order to determine whether any hydrodynamic scale effect was

introduced by the use of the 2-inch-beem model, the lift-coefficient data .
for the symmetrical planing conditions of the flat plates having zero and
0.182b chine-edge thickness are cmnpared with data obtained by the NACA
in symmetrical planing tests of a 4-inch-beam flat plate (ref. 4). Fig-
ure 8 presents this comparison of test results and indicates good agree-
ment between the 2-inch-beam lift data obtained at ETT and the 4-inch-
besm data obtained by the NACA. The differences between the ETT data
and the NACA curves are well within the experimental scatter of test data
frcm

Good
beam

data

which the NACA curves were estab~shed (ref. 4).

Figure 9 presents a similar comparison for the 20° dead-rise data.
agreement exists between the ETT 2-inch-beam lift data and the 4.inch-
data obtainedby the NACA (ref. 5).

The agreement between the ET?I’data for 2-inch-beam models and the NACA
for k-inch-bean models indicates that no hydrodynamic scale effect was

introduced by using 2-inch-beam models.
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Lift of Planing Surfaces

Lift of flat @ate.- In figures 10 to 12 the tabulated lift coeffi-
cients for the tested flat planing surfaces of zero chine-edge thickness
are plotted against the mean wetted-length-beam ratio for ~ch of the
test trim angles. To expedite the usefulness of the test data, the plots
are arranged in order of increasing yaw angle and, at each test yaw angle,
in the order of increasing roll angle.

It will be noted frcm the data tabulations that all flat-plate tests
were at ~ = 14.00. It was found from the tests of the 20° dead-rise

surface that, for the test range of wetted lengths, the lift coefficient
was essentially independent of speed coefficient for Cv> 10. Since it

was the intent of this investigation to provide planing data in the range
where gravity and buoyant effects are insignificant, it was decided to
conduct all flat-plate planing tests at Cv = 14.00.

The effect of specific combinations of unsymmetrical planing condi-
tions on the variation of C~ against A at any trim canbe directly

evaluated from the plots in figures 10 to 12. Certain generalizations
concerning the effect of unsynnnetricalplaning parameters can be estab-
ld.shedfrcsnan examination of these plots. For the unyawed condition,
an increase in roll angle reduces c~ at,given VEdUeS of A and T.

\
This follows from the fact that the effective deadrise of the surface is
increased and the effective beam decreased with increasing roll angle.
For the umolled surface, the effect of increasing the yaw angle, up to

. 20°, is to increase c% at given values of h and T. This yaw-angle

effect is most pronounced at large values of A and for T< 18°. For
small values of A and for T > 18°, there is only a small increase in
C% with increasing yaw angle. A possible explanation for this increase
in C% is that there is an increase-in ~ffective aspect ratio with
increasing yaw angle and consequently there is an increase in pressure
in the vicinity of the leading chine edge of the yawed, unrolled, flat
plate. As evidence of these larger pressures the spray along the leading
chine edge was obsezwed to be more severe for the yawed than the umyawed
planing case. Since at the longer wetted lengths and low trim angles
there is more chine length exposed to larger pressures than at the shorter
wetted lengths, the longer wetted lengths should have a substantial load
increase with an increase in yaw angle.

For the positive rolled surface there is a substantial increase in
lift coefficient as the positive yaw angle is increased at given values
of A and T. This follows from the fact that the effective trim angle
of the positive rolled surface is Increased as the yaw angle increases.
Conversely, for the ne~tive rolled surface, there is a reduction in

●
effective trim angle with increasing positive yaw angle and consequently

.
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a reduction in lift coefficient at a given combination of
There was a complete breakdown In lift at low trim angles
conditions of negative roll angle and positive yaw angle,

-.
A and ~.
for certain
with the model .

submerged. No attempt was made to define experfienta~-the lowest trim
or load at which the test model would develop a supporting lift force
for a given value of X at a given combination of negative roll angle
and positive yaw angle. However, it can be seen from the plots that for
i =“10° there are no lift data for the combination T = 60 and @ = .150;
at = 20° there are no lift data for the cmnbinations T = 6° and
@ & T= = 6° and @ . -15°, and T . 12° and # . -150. lt iS

seen that, with increasing positive yaw angle and increasing negative
roll.angle, it is necessary to increase the trim angle in order to con-
tinue to generate dynamic lift.

At a given positive yaw angle, the effect of Increasing positive roll
angle is to Increase the flat-plate lift coefficient for given values of
A and T. Increasing the negative roll angle decreases the lift coef-
ficient. This behavior again follows from the fact that the effective
trim angle of the bottom of a yawed flat planing surface increases with
increasing positive roll angle and decreases with increasing negative roll
angle.

The most pronounced effects of roll-angle and yaw-angle combinations
occur at the small test trims (figs. 10 to 12). At the largest test trim
angle (30°) there is only a sma~ change in the curves of C~ against A

for the investigated range of roll- and yaw-angle settings. t

Lift of 200 dead-rise surface.- The tabulated lift coefficients for .
the 200 dead-rise surface me plotted against the mean wetted-length-beam
ratio for each of the test trims (figs. 15 to 17).

An analysis of the plots in figures 15 to 17 indicates that, for the
unyawed surface, at given values of T and A, the effect of rolling the
surface 15° is to decrease the lift coefficient. This indicates that the
gain in lift on the rolled-down side of the surface (because of decreased
effective dead rise) is not so great as the.loss in lift on the rolled-up
side of the surface (because of increased effective dead rise). One pos-
sible explanation for this decrease in total lift is that the rolled-up
side of the surface provides a pressure relief to the ro~ed-down side
and hence the krger pressures on the rolled-down side cannot be fuIiy
developed. Another possible explanation is-that, considering a transverse
plane through the planing surface, if the dividing crossflow streamline is
disphced laterally frcznthe keel, a high-velocity flow across the keel
w~ result which In turn will develop iow press~es in
hence reduce the total lift for given values of 1 and

The effect of yaw angle on the lift coefficient at
can be determined from figures 15(a), 16(a), and 17(a).

the keel area and
T.

zero roll angle
It is seen that .

.
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for increasing yaw angle, c% decreases for

This decrease is especially pronounced at the

13

given values of A and T.

low trim angles; for a trim
angle of 6° and a yaw angle of 20°, it is seen in figure 17(a), that the
tested surface could not support the minimum test load. A probable expla-
nation for this behavior can be established from the following combination
of effects. For positive yaw angles, the effective trim of the port side
of the surface is increased, while that of’the stsrboard side is decreased.
Further, the starboard side is no longer planing in an undisturbed flow
but rather Is partially in the wake generated by the port side. Hence,
although the port-side load is increased by the yaw angle, the load reduc-
tion on the starboard side is such as to cause a reduction in total lift
coefficient.

For the 20° dead-rise surface at positive roll angles, the lift coef-
ficient is increased as the surface is yawed from O0 to 15° at fixed values
of 1 and T. The port side achieves an increased effective trim and,
consequently, an increase in CLb as the surface is yawed. The starboard

side, which has been reduced in effective deadrise with positive roll
angle, is probably not so extensively shielded by the port side as it is
for the unrolled case and hence does not experience as serious a loss in
lift as does the unrolled surface. The.combined effect of port- and
starboard-side flows is to cause an increase in lift for a given yaw angle.

For the negative rolled surface, thede is a decrease in lift coeffi-
cient as the positive yaw angle is increased from 0° to 15°. In this case
the starboard side, which has been increased in effective deadrise with
ne~tive roll angle, is more completely shielded by the port side and
hence experiences a significant loss in lift as the yaw angle is increased.

In sunmary then, for given values of *, r, and A, the lift coeffi-
cient of a 20° dead-rise surface increases with increasing positive roll
angle and decreases with increasing negative roll angle. These lift
effects increase in severity with increasing yaw angle.

Side Forces on Unsymmetrical Planing Surfaces

In the following analysis the side-force coefficients in the wind
sxis are discussed.

Side forces on flat plate.-
force coefficients C&b for the

chine-edge thickness are plotted

each of the test trim angles.

In figures 10 to 12 the tabulated side-
tested flat planing surface of zero

against the lift coefficient CLb for
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.

The side-force coefficient should be proportional to the lift-force
.-

coefficient since the side force is prharily due to pressure forces on
the wetted bottom area. An analytical expression can be derived for the
relation between cm and CLb in terms of the unsymmetrical planing

parameters. This relation is expressed as-follows:

Ccb = c% (tan # cos *
-tanTsin~

Cos T )

(1)

Equation (1) has been compared with the.e~erimental data of fig-
ures 10 to 12 with resulting good agreement. The trends of side-force-
coefficient variation with planing parameters can be established frcm an
examination of eqyation (1) and fram the discussion of flat-plate lift
coefficient given in the section “Lift of Planing Surface.”

The side-force coefficient in the body axis is nearly zero for all
test combinations of planing parameters. Since the body-axis side-force
coefficient is representative of the viscous friction, it is apparent
that the velocity component transverse to the bottam is very small.

Side forces on 20° dead-rise surface.- In figures 15 to 17 the side-
force coefficients for the tested 200 dead-rise surfaces are plotted
against the lift coefficient for each of the “testtrim angles. Since
the side-force coefficient for a deadrise surface is composed of two com-
ponents, one on each side of the bottom, and since the division of total
bad between each side has not been established, a relation similar to
equation (1) cannot be formed. Certain generalizations concerning the
variation of the side-force coefficient with unsymmetrical planing con-
ditions can be established from an examination of the plotted data.

0
.

For the unyawed deadrise surface, rolled 15°, the side force is very
snmll, being of the order of magnitude of 10 percent of the lift force.
These small side forces compare with the precision of the side-force
dyna?mneter (ti.127 pound) and hence there is considerable scatter in
these test data. The change in direction of the side-force coefficient
between the wind- and body-axes systems (fig. l~(b)) is a further indi-
cation of the small side forces since, in the conversion process, the
wind-axis lift component predominates and results in a negative side
component in the body-axis system.

The effect of increasing positive yaw angle at zero roll angle is
a continuous increase in the side-force coefficient for a given lift coef-
ficient. This effect of course follows from the sideward inclination of
the resultant force vector as the yaw angle is increased. An examination
of figures 16(a) and 17(a) shows that, for a given lift coefficient, the
side-force component is reduced with increasing trti and becomes negative .

.



NACA TN 4187 15

for trim angles of 24° and 30°. The reason for this behavior is that
the effective yaw angle of the port side is reduced with increasing trim
angle while that of the starboard side is-increased with increasing trim
angle. The net result of these changes is to cause the starboard side
force (which is negative in direction) to becmne increasingly pronounced
in its effect on the total side force as the trim is increased. This
change in direction of the side force may be of concern in the overall
behavior of hydro-ski configurations if they eqerience large trim changes
during an unsymmetrical landing.

For a positive roll angle of 15° the effect of increasing the posi-
tive yaw angle up to 20° (figs. l~(b), 16(b), and 17(b)) is to increase
the positive side-force coefficient, especially at low trim angles. The
port side is contributing most to the generation of the side force and
since, with increasing ~w angle the hydrodynamic loads on the port side
are increased, the positive side-force co?rponentis increased. For the
yawed and rolled case, the side-force coefficients become appreciable,
being almost 50 percent of the lift coefficient for a trim of 60 and a
yaw angle of 20° (fig. 17(b)). An increase in trim angle reduces the
positive side-force coefficient because, as discussed in the previous
paragraph, the effectiveness of the starboard side is increased with
increasing trim angle. Since the starboard side produces a negative
side-force component, the net effect of trim angle is to reduce the side-
force coefficient.

For a negative roll angle of 15°, the side-force coefficient is
negative and there is only a small variation of c% with increasing

positive yaw angle. Because of the small variations of C!~ with ~

it is not feasible to derive general conclusions concerning the behavior

‘f C% fith ~.
One titeresting observation which is evident frcm

figures 16(b) and 17(b) is that, for negative roll angles, Ccb becomes

more negative with increasing values of T and, for positive roll
angles, Ccb becomes less positive with increasing values of T. For

the negative-roll-angle condition, the starboard side of the bottom con-
tributes most to the hydrodynamic side force. With increasing trim angle,
the effectiveness of the starboard side is continuously increased and there
is an overall increase in the negative value of Cm with increasing trim

angle.

Drag of Planing Surfaces

ag of flat plate.- In figures 10 to 12 the tabulated drag coeffi-
cient: C% for the flat phte of zero chine-edge thickness are plotted

against lift coefficient cLb for each of the test trim angles. In
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general, there is a small variation in Cm (at a given value of C%)

with a change in unsymmetrical planing conditions. These variations are
discussed as follows.

For the case of zero yaw angle and increasing roll angle (fig. 10)
there is a slight increase in

c%
for given values of T and C

%“
This result follows from the fact that, with increasing roll angle, the
effective dead rise of the flat plate is increased; consequently, its
wetted length is increased for a given value of c% and hence the fric-

tion drag component is increased.

When the yaw angle of the flat plate Is increased at zero roll angle
(figs. 10(a), n(a), and 12(a)) there is a reduction in

c%
for given

values of C~ and T. Two factors contribute to the drag-coefficient

reduction. One is that, because of the increased effective aspect ratio
of the yawed surface, there is a decrease in wetted area with increasing
yaw angle for given values of C% and T. This area reduction would

naturally reduce the friction drag component. The second factor which
contributes to a drag reduction is that, with increasing yaw angle, the
resultant hydrodynamic force is rotated towards the starboard direction
and its drag component in the wind axis is reduced.

For the case of a positive roll angle, the effect of positive yaw
angle is to cause a slight increase in

c%
for given values of

%
and T. The dynamic component of drag is increased because of the
increase of effective trim of the rolled flat plate with an increase in
positive yaw angle. The friction drag component, however, is reduced
since there is a large reduction in wetted area as the yaw angle is
increased at given values of ‘Lb and T. The net effect of increasing

the dynamic drag component and decreasing the viscous component is to
cause a slight increase in the drag coefficient.

With the flat plate at a negative roll angle there is a reduction
in C% as the positive yaw angle is increased. The effects are oppo-

site from those for the positive rolled case; that is, the effective trim
of the bottom surface is decreased which decreases the dynamic drag compo-
nent and the wetted area, for given values of CLb and T, is increased

which increases the viscous drag component. The dynamic drag component
predominates and there is a net decrease in drag with increasing positive
yaw angle.

P

*–

Drag of 20° dead-rise surface.- The tabulated drag coefficients for
the 200 dead-rise surface are plotted against lift coefficient in fig-
ures 15 to 17.
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=.
For the case of zero yaw angle, there is no

c% with roll angle. This effect is consistent

tion in lift with increasing roll angle.

The effect of increasing positive yaw angle

17

significant change in
with the slight varia-

tor the zero-roll case
is to cause a slight increase ‘h

%
at a given value of

c%”
Since

a major portion of the planing load Is carried by the port side, an
increase-in C% with yaw angle must occur because the ~ind-axis drag

component of th~ port side force increases with yaw angle. When the
20° dead-rise surface is at a positive roll angle, the effect of the
positive yaw angle is again to cause an increase in

c% “

For the negative-roll-angle condition, there is little change in

c%
for increasing positive yaw angle. This is similar to the side-

force behavior with yaw angle as discussed previously.

Center of Pressure of Planing Surfaces

Center of pressure of flat plate.- The test pitching., yawing., and
rolling-moment coefficients, ~’, Cn’, and Ck’) respectively, are
listed in table I for each of the flat-plate test conditions. These

* moment coefficients are measured about a point on the longitudinal center
line of the bottom a distance of 3 beams forward of the trailing edge.

.
In order to simp~fy the presentation of the voluminous smount of

flat-plate moment data, the longitudinal and lateral positions of the
center,of pressure of the resultant force were calculated and their varia-
tions with unsynnnetricalplaning conditions are discussed. The longitudi-
nal center of pressure Cp’ obtained frcnnthe pitching moment Cm! is

measured in the body axis and is expressed as a percentage of the mean
wetted length forward of the trailing edge. The lateral center of pres-
sure Cy’ obtained from the rolllng moment Ck’ is measured in the body

axis and is expressed as a percentage of the beam outboard of the longi-
tudinal center line.

Figure 13 presents the variation of ~‘ with h for each of the

flat-plate test trim conditions. It was found that both the yaw angle
and roll angle had no discernible effect on ~’; therefore, all test

data were plotted without separately identifying the test yaw ad roll
angles. Some scatter of the computed values of ~’ appears in the

plots, particularly at small values of
ever, that at short wetted lengths the

.

.

A. It wilJ be
measured values

remembered, how-
Of cm’, cLb‘9
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and X (all three of which are used to calculate Cp’) are sma~ and

consequently are more affected by experimental accuracy than at large
values of A. In general, it is seen that ~’ is essentially constant

and, for the test conditions, varies between 0.69 and 0.80. The effect
of increasing trim is to reduce the value of hi. The effect of X on

Cp‘ is very small.

The variation of lateral center-of-pressureposition Cy’ with $

is presented in figure 14. It will be noted that the test results are
separately plotted for various test values of yaw angle and each value
of Cy’ is identified as to test trim. No attempt was made to identify

each test wetted length. Because the measured rolling moments were very
small, a considerable scatter in ~’ appears in figure 14 and hence it
is not possible to separate the effects of planing variables on Cy’.

The body-axis yawing moment for a flat plate is devel~ed by the
viscous forces acting on the planing bottmn, Since the viscous forces
are very small, rektive to the dynamic forces, the yawing moments were
very small and consequently were not analyzed. Table I presents the test
values of Cn’.

Moment coefficients for 20° dead-rise planing surfaces.- The test
values of ~’, Cn’j and c~‘ for the ZQo dead-rise surface, measured
about a point on the keel 3 besmm forward of the step, are presented in
table I. The pitching- and yawing-moment coefficients ~lr

(
and Cnlt)

are also presented in table I in the body-axis system relative to the
point of keel intersection with the trailing edge.

P

—

Because of the fact that the resultant load on a deadrise surface
is made up of unknown port and starboard components, the conversion of
the measured moments into longitudinal and lateral center-of-pressure
positions was not considered to be a useful way of presenting the test
results. With the possible existence of negative pressures around the
keel area (as discussed in the sections on lift) centers of pressures
could be calculated to be outside the wetted areas. Hence, it was decided
to plot the body-axis moment data in coefficient form and to discuss their
variation with unsymmetrical planing conditions. The moment coefficients
for the 20° dead-rise surface, taken about the trailing-edge reference
point, ake plotted agdnst lift coefficient in figures 18”to 20.

Pitching-moment coefficient.- For the unyawed surface, at given
values of C~ and T, there is

roll angle. i’hisresult follows
increase in wetted len@h, for a

increased.

a small increase in ~1’ with increasing

from the fact that there is a small
given value”of CLb”}aS rO~ angle is

.

.
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At zero roll angle and
in ~1’ at a given cLb.

yaw angle for a given c%

19

with increasing yaw angle there is an increase
The wetted length is increased with increasing

and hence the longitudinal center of pressure

is moved forward with a consequent increase in pitching moment.

For the case of positive ro~ angle there is a decrease in ~,’

with increase in positive yaw angle. Again this result
previously discussed result that there is a decrease in
value of CLb and a consequent reduction in moment arm

edge. When the 20° surface is at a negative roll angle
positive yaw angle, there is an increase in ~1’, at a

CLb, because of a corresponding increase in X.

A.

follows from the
A for a given
about the trailing

and is given a
given value of

Yawing-moment coefficient.- For the unyawed surface, the effect of
positive ro~ angle is to produce a negative side force in the body-axis
system and consequently to develop a negative yawing moment about the
trailing edge. With negative roll angle, a positive side force is devel-
oped with a corresponding generation of positive yawing moment.

For the unrolled surface, the effect of increasing positive yaw
angle, for a given value of cLh> is to increase the positive yawing-

moment coefficient Cnl’” For these conditions both the side force and

wetted length forward of the trailing edge are increased with increasing
values of *. Since the increasing value of X increases the side-force
moment arm about the trailing edge, an increase in cn~’ is expected.

For the positive rolled surface, the effect of positive yaw angle
is to develop a very slight positive yawing moment. Both the port and
starboard sides of the dead-rise bottom are contributing to the lift and,
consequently, the resultant side force in the body axis is small. Fur-
ther, for a given value of C~ the mean wetted-length-beam ratio is

reduced with increasing ~. The combination of small side force and sma~
moment arm results in a small value of WI’ for the positive rolled and

positive yawed dead-rise surface.

When the dead-rise surface is at a negative rold angle the effect of
positive yaw angle is to increase the positive yawing-moment coefficient
at given values of

C&
and T. The port side of the bottom carries a

major portion of the total load, and consequently both the positive side-
force component and the mean wetted length are increased with increasing
yaw angle. These conditions result in an increasing yawing moment with
increasing values of *.
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Rolling-mmnent coefficient.- The
dependent on the distribution of load
bottom. Since the side force is also

MC~ TN 4187

P
rolling-moment coefficient is
between the two halves of the planing
dependent on this distribution the

variation in the rolling-moment coefficient with $ and @ corresponds
to the side-force-coefficientvariation. A positive roll angle generates
a negative side force for the unyawed surface (in the body axis) and con-
sequently develops a negative rolling moment. When the dead-rise surface
is at zero roll.angle and at positive yaw angle a large positive side
force is developed which resuits in large positive rolling moments. For
a positive roll angle and positive yaw angle, the side force has been
shown to be small and consequently the rolling moments are small. For a
negative roll angle at a positive yaw angle, there is a large positive
side force developed with a resulting large positive ro~ing moment.

Wetted Areas of Planing Surfaces

Wave rise for unrolled flat plate.- A comparison of the measured
wetted-length-beam ratio h with that canputed from the running draft
d/b sin T is presented in figure 21 where Al is plotted against h.

The test wetted lemh is measured from the trailing edge of the model
to the intersection of the spray root line with the bottcxnand was
obtained from underwater photographs. The purpose of this plot is to
examine the magnitude of the wave rise which occurs at the intersection
of the planing plate with the free water surface.

Figure 21 presents the test data for all test yaw angles for the
0° roll case. It was found that, for the unrolled case, yaw angle had
no effect on the shape of the leading edge of the wetted area and that,
practically, the wave-rise behavior at the leading edge was similar to
that for the symmetrical planing condition. An examination of the running
wetted lengths presented in table I indicates almost the same port and
starboard chine lengths for the unro~ed yawed flat plate. Hence, in
figure 21, the test points are not identified as to test yaw but only as
to test trim.

The present wave-rise data are compared in figure 21 with the empir-
ical relation for flat-plate wave rise developed in reference 1. The data
analyzed in reference 1 included all available published flat-plate wave-
rise data through the year 1955. lt will be noted that, except for the
6° trim data, there is fairly good agreement between the present data and
the empirical relation. At 6° trim the present data indicate a negative
wave rise. This sane result was obtained by the NACA in high-speed flat-
plate planing tests described in reference 4. At present, no ccxnplete
explanation has been developed for this unexpected result.

.
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Wave rise for rolled flat plate.- When a flat plate is set at a roll
angle its physical appearance is that of one-half of a dead-rise surface
having a dead-rise angle equal to the roll single. The shape of the wetted
leading edge of the rolled flat plate was exsmi.nedto determine whether
the usual dead-rise-wave-rise relations hold for this flat-plate case.

A comparison is mde between the measured wetted length of the rolled-

(
down chine e~ge ~ for positive ~, LZ for negative ~) and that cc?n-

(
puted from the running draft ~1, %1) (fig” 22). This rolled-down

chine edge would correspond to the keel line of the equivalent haH-
dead-rise suface. The computed chine length is d/b Sin T. The data for
all test yaw-angle and ro~-angle conditions are presented in one plot
since their sep~ate effects were not discernible in the collected test
data. This plot is analyzed to determine whether any water pileup exists
at the forward etiremity of the rolled-down edge of the flat plate.

It is seen in figure 22 that the measured wetted chine length for
the 6° trim tests is less than the calculated values. This result, which
is contrary to expectation, is similar to that observed in the unrolled
case. As stated previously, no satisfactory explanation has been estab-
lished for this result. The remaining data indicate a slight increase
in water pileup as the trim =gle is increased.

The spray root line for the rolled flat plate is inclined aft rela-
tive to the longitudinal axis of the model and intersects each chine line
at different distances forward of the trailing edge. To determine whether
the wave rise in the spray root area of a rolled flat plate corresponds to
that for an equivalent half-dead-rise surface having a dead-rise angle equal
to roll angle, the difference between the wetted chine len@hs was compared,
in figure 23, with the expression

(2)

which is derived from Wagner’s work (ref. 10) and where Pe is taken to

be equal to the ro~ angle ~. Equation (2) has been shown in reference 1
to be applicable to-the synmetri.tallyplaning dead-rise surface.

It is seen in figure 23 that there is good agreement between the wave
rise at the leading edge of a rolled flat plate and equation (2) indicating
the apparent correspondence between rolled flat plate and an equivalent
dead-rise surface. The test data in figure 23 are for ti test combina-
tions of yaw angle and roll angle. There was no discernible yaw-angle
effect on the plotted results and agreement with equation (2) existed
whether the roll angle was positive or negative.
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Wave rise for 200 dead-rise surface.- In figure 24 the running draft
coefficient Cd is plotted against the computed draft ~ sin T where
Lk is the wetted-keel-length-beam ratio obtained fran the underwater

● .

photographs. The p~ose of this plot is to indicate the magnitude of
the water pileup at the keel. The yaw- and roll-angle test conditions
are not separately identified in figure 24 since there was no apparent
effect of these variables on the curve of Cd agaiMt ~ Sin T. It

—

will be noted that at a test trim of 6° there is a depression of the
water surface at the keel. With increasing trim angle, there is a grad-
ual rise of the water surface at the keel so that at T = 30° there is
a substantial water pileup at the keel. These results are in general
agreement with those found in reference 5.

For the rolled dead-rise surface, the rolled-up side of the bottom
may be considered to be increased in effective dead rise while the rolled.
down side may be considered as being decreased in effective dead rise. In
order to determine whether the wave rise in the spray root area of each
bottom side of a rolled dead-rise surface corresponds to the usual fi/2
factor developed by Wagner (ref. 10) for two-dimensional wedges, the
experimental values of Lk - ~ and Lk - Lz are plotted in figure 25

and compared with the following equation:

tan pe
Lk-Lc=fitanT

where 13e=200*@andLc=Lt or ~,whichever inappropriate.

Equation (3) is derivable from Wagner’s Ye/2 wave-rise relation.

(3)

In figure 3 it is seen that the data for the rolled-up and rolled-
down chines are presented in separate plots. Further, since it was found
that yaw angle had no effect on these results, the data are not identified
as to their yaw-angle test conditi ns. Examining the data for the rol.led-
down side of the surface (Pe ~ ~“~ it iS seen that the experimental

values of ~-Lc areinagreement with theresults obtained frmeqw-

tion (3) when Be is taken to be the geometric dead rise Less the absolute
value of the roll angle. For the rolled-up side of the surface (~e> 20°~

there is no agreement between the experimental values ~- Lc and those

predicted by equation (3). For this rolled-up-side it appears that the
wave rise is much larger than the theoretical value fi/2 and that beyond
a roll angle of 5° the values of ~-Lc are essentially constant. The

above results were independent of the sign of the roll angle.

.

.
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Hydrodynamic Effect of Finite Chine Thickness

on a Flat Plate

At the inception of the flat-plate planing tests, the test model
was of constant thickness equal to 0.18z%. During unsymmetrical tests
of this flat-plate model, large sudden changes in both the hydrodynamic
forces and the spray formation were observed when particular combinations
of unsymmetrical planing conditions were tested. An analysis of the test
results indicated that chine-edge wetting was responsible for the sudden
changes in hydrodynamic behavior. In order to present flat-plate planing
data which are independent of chine-edge-thicknesseffects, tests on the
0.182b-thick-chine model were curtailed and a zero-thick-chine-edgemodel
was constructed and tested. The data for the zero-edge-thicknessflat
plate are plotted herein and have been discussed in the previous sections
of this report.

To explore further the effect of chine-edge thiclaaesson the hydro-
dynamic behavior of flat plates, an additional model of 0.091b-chine-edge
thickness was briefly tested. The data for the 0.182b- and 0.091b-thick
models are presented in table II. In this tabulation yaw- and roll-angle
test conditions appear which were not considered in the basic planing
program described in figure 7. These additional unsymmetrical planing
conditions were necessary to define more thoroughly the boundaries of
inception of the chine-edge effects.

The effect of chine-edge wetting was to generate either negative or
positive pressures on the chine edges depending upon the combination of
unsymmetrical test planing conditions. The development of chine-edge
preqsqre in turn altered the geometry of the spray across the length of
the model. The chine-edge pressures were established as being positive
or negative by ccmparing the resultant hydrodynamic loads with those
obtained fran tests of the flat plate with zero chine-edge thickness.
In the case of the unyawed flat plate at moderate positive roll angles,
the resultant force is essentially normal to the bottom (except for vis-
cous effects) and the ratio of side force to lift fohce is as given by
equation (l). The flow breaks clear at the chines and the lateral spray
formation is displaced outboard of both chines. As the positive roll
angle is increased, a critical angle is reached at which the fluid flow
at the starboard side clings to the rolled-down chine edge. When this
happens, there is a large increase in side force, for a given lift, and
the spray on the starboard side is reduced in height and is moved inboard
towards the model by a significant amount. The fluid-flow pattern along
the port chine edge is not noticeably affected by the increased roll angle.
It is concluded that, since the crossflow component of the bottom velocity
cannot separate from the rolled-down edge, it creates large negative pres-
sures on the finite-thick chine in flowing around the sharp corner of the
chine. This action develops very suddenly - where at one roll angle there
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is a clean separation of the flow from the rolled-down edge, at a slightly
f

larger roll angle there is complete attachment of the flow to the chine
with attended very large increases in side force. When the positive yaw .

angle was increased to a certain value, the fluid flow would again separate
from the starboard chine; the ratio of side force to lift force would be
given by equation (1) and the lateral sprays would take on their normal
appearance.

For the negative rolJed surface at zero yaw angle, negative side
pressures are developed along the port chine and the fluid-flow action
is of course identical to that for the positive roll angle. As the posi-
tive yaw angle is increased, for the negative roll angle, the suction
forces on the port chine are maintained until a yaw angle is reached at
which the port chine edge is exposed to the free-stresm velocity and posi-
tive pressures are developed on this edge. In this case of positive pres-
sures on the chine, the side forces were less than those predicted by
equation (l). Increasing yaw angle Increased the port-chine-edge pressures
and consequently decreased the resultant side-force coefficient.

By comparing the measured side forces with those predicted by equa-
tion (1) and also by observing the running spray patterns, it was possible
to establish the boundaries of chine-edge interference for unsymmetrical
planing conditions of a flat plate. These b~~daries ~e s~rized in
the plots of figure 26. A separate boundary plot is presented for each
test trim. The data used to establish these plots were for the tested
flat plates of 0.182b and 0.091b edge thickness. It was found that both
models had the same interference boundaries. The nature of the interfer-
ence effects for various combinations of unsymmetrical planing conditions
is identified in these plots. The areas marked “no chine-edge effects”
indicate an agreement in measured hydrodynamic forces between the flat
plates of finite edge thickness and those for zero chine-edge thickness.
It will be noted that, for increasing trim angle, the areas of chine-edge
interference are reduced.

The nmgnitude of the chine-edge effects was established by determining
the resultant normal force on the chine edge and its point of applica-
tion forward of the trailing edge. The absolute magnitude of the chine
force was obtained by noting the difference between the side forces, in
the body axis, for the flat plates having finite and zero chine-edge
thicknesses. The point of application of the force was determined by the
difference in yawing moment, in the body axis, between the flat plates
having finite and zero chine-edge thicknesses.

-7

.

Figure 27 presents the force on the chine edge as a normal-force
coefficient Ce’ on the leading chine edge. Data for both models (0.182b

and 0.091b chine-edge thicknesses) are presented together since it was
found that -expressingthe chine force as the.coefficient Ce’ collapsed

.

.
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the data very satisfactorily. In fi~e 27, Ce’ is plotted against @

for various test trims. Separate plots are prepared for each test w..
Only the data for positive pressure development on the chine edge are
plotted and analyzed herein. Where negative chine-edge pressures were
developed, the conversion of the data into a negative normal-force coef-
ficient resulted in very large negative coefficients having no consistent
variation with planing parameters.

It is seen in figure 27 that Ce’ increases with increasing negative

roll angle snd that, at large angles of negative ro~, the value of Cet

lies between 1.0 and 1.3 for the yaw-angle range from 10° to 20° for all
trims.

The longitudinal center of pressure of the resultant positive chine
fbrce se as a percentage of wetted chine length forward of the trailing

edge is p~esented in figure 28 as a function of chine wetted length. Sep-
arate plots are presented for each yaw angle and the code system of test
data identifies the test trim. No distinction in data is made for the
separate test roll angles since no roll-angle effect was discernible.
Because of the scatter of center-of-pressure data in figure 28 no single
summary curve could be drawn through the data. The data appear to be
more consistent at * = 20° and indicate an aft motion of the resultant
chine force with increasing chine wetted length. On the average, the

. center of pressure of the positive chine force appears to be at approxi-
mately 65 percent of the chine wetted length.

.
The effect of positive chine-edge pressures on the lift, drag,

pitching moment, and rolling moment was small and hence is not discussed
herein.

In the course of the tests it was determined that the roll-yaw com-
binations for which chine-edge wetting began were not dependent on speed,
for speeds in the range corresponding to a value of Cv between 14 and 20.

This was found in the following manner. At Cv = 14, the roll and yaw were
ad@sted to values which Just caused chine-edge wetting. The speed was
then increased to give Cv = 20. At this higher speed the chine edge

remained wet, and the direction of the spray leaving the model and the
value of Ce’ remained the same as at Cv = 14, indicating no dependence

on speed over this range. Consideration of the general shape of the
separated flow past the edge of a plate indicates that this is to be
expected. In this case there is a separation at the edge of the plate
which gives rise to a free streamline which forms a cavity between the
body and the fluid. Theoretically it can be shown that the shape of this
free streamline is independent of speed (ref. n). Therefore, the condi-
tions at which the fluid flowing past the plate will wet the chine edge

.
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should be determined only by the geometry of the plate relative to the
direction of motion and not by the speed.

f

.

SUMMARY OF RESULTS

An e~erimental investigation was conducted to obtain the wetted
areas and six components of forces and moments acting on a 0° and 20° dead-
rise surface in high-speed unsymmetrical planing conditions. The analygis
of the collected test data has led to a general qualitative evaluation of
the effects of yaw and roll angle upon the hydrodynamic behavior of a
planing surface and these effects have been summarized in table IV.

Effect of Yaw and Roll Angle on Leading-Edge Wave Rise

1. For all test conditions of ~ = 0° and 13= 20° models, yaw
angle had no effect on the leading-chine-edge wave rise.

2. For a flat plate at zero roll angle the leading-edge wave rise
is equal to that of a flat plate in symmetrical planing conditions.

3. For the rolled flat plate, the angle of the spray root line rela-
tive to the keel is identical to that of a wedge whose dead rise is equal
to the roll angle.

●

4. For the rolled-down side of the 20° dead-rise surface the angle .
of the spray root line relative to the keel is equal to that of a wedge
whose dead rise is equal to 20° less the roll angle. In the rolled-up
side of the 20° dead-rise surface, the angle of the spray root line is
essentially constant and independent of roll angle.

Hydrodynamic Effect of Finite Chine-Edge Thickness

on a Flat Plate

1. At small angles of yaw and large positive roll angles the cross-
flow does not separate from the chine and negative pressures are generated
along the rolled-down chine edge of a flat plate with finite thickness.
As the yaw angle is increased, the flow will separate cleanly from the
chines.

2. At large yaw angles and negative roll angles, positive pressures
are developed along the leading chine edge.
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3. With the development of negative pressures along the chine of
finite thickness the lateral.spray is moved inboard and scxnewhatreduced

. in heig&.

4. The boundaries of inception of chine interference, in terms of
unsymmetrical planing conditions, are independent of chine-edge thickness.

5. The normal-force coefficient on the positive-pressure edge of the
wetted chines approaches a value of approximately 1.3 at large angles of
yaw and negative roll.

6. Chine-edge interference effects are reduced with increasing trim
angle.

Stevens Institute of Technology,
Hoboken, N. J., March 13, 1957.



APPENDIX A

ORIENTATION OF PLANING BODY AXES REIATIVE

TO FIXED WIND AXES

The following discussion of axes systems follows the procedures
established by the American Towing Tank Co@erence in 1949 (ref. 9).
There me two coordinate-axes systems which must be considered in this
study. Both are right-handed, orthogonal &es and have the ssme origin.
One is a set of fixed axes (also referred to as wind axes) with x, y,
and z fixed relative to the earth, so that the x- and y-axes are in a
horizontal plane with the positive x-axis directed in the direction of
the horizontal planing velocity and the positive z-axis vertical and
directed downwards, as shown in figure 3. The origin of this axes sys-
tem is located on the center line planing bottom 3 beams forward of the
trailing edge. Linear displacements are taken as positive in the posi-
tive direction of the coordinate axes. Angular displacements are taken
as positive in the sense of rotation of a right-hand screw advancing in
the positive direction of the axis of rotation.

The orientation of the right-handed, orthogonal set of body axes,
x’, y’,and z’, relative -tothe fixed axes is described in terms of
the angle of trim T, the angle of yaw $, and the angle of roll ~.

~.

It will be recalled that the origins of both axes systems coincide. The
space orientation of both axes systems may be described by the following ●

procedure (see fig. 3). First, suppose that the body axes x’, y’,
and .z’ coincide with the wind axes x, y, and z. Rotate the body
about z through an angle of yaw Y so that the axes x,y assume the
intermediate positions Xl,yl; then rotate the body qbout the new

tion of the y-axis
Z1 and xl moves

tion of the x-axis

assume their final

The direction

through sm angle of trim T, so that z moves
to x’; finally, rotate the body about the new

through an angle of roll @ so that the axes

positions y’,z’.

posi-

to
posi-

Yl>zl

cosines of the body axes (x’, y’~and z’) relative
to the fixed wind axes (x, y, and z) are as follows:

~1 Y’ z’

x COB T COS + -cos$8in*+-sinTsLn $Cos$ sin@ sin* + sinr cos@ co8*

I Y I COBT Sill ~ldCos cos*+sinTsin#sin $
I
-sin@ coO* + sin7 cos$ sin+

I

I z -SiR T COS T Sill @ I Cos -r Cos g .

.
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Moments are taken as positive when they tend to make the associated
angle more positive. Thereforej to convert mcments from the wind-axis
system to the body-axis system make the following substitutions in the
above set of direction cosines:

are
out

The

Roll. . . . . K for x
Pitch . . . . M for y
Yaw . . . . . N for z

The positive directions of the hydrodynamic lift and drag forces
opposite to the positive direction of the coordinates. As pointed
above the coordinate directions are taken as

x..*.. positive forward
Y ““” “ “ positive to starboard
z . . . . . positive downward

hydrodynsndc forces are taken as

Drag D . . . . . . . . positive aft
Sideforce C..... . positive to starboard
Lift L . . . . . . . . positive upward

Therefore, a new set of direction cosines is required for the conver-
. sion of forces from the wind axes to the body axes. They are

D’ c’ L’
.

D .COS T COS ~ cos @ sin* - sinT 8in $ COS * Sin @ Bin ~ + 8h T COB $ cO.9 $

c! -COS T Sti ~ cOS@COS~+StiTSiIl @sin* sin#cos*- sinT COS @ sln*

L - Sinr cosT sin$ COS T COS $
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TABLEI

TABULATIONOF TEST DATAAND RESULTS
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TABLEI.- Continued

T.ABULWTIONOF TEST DATAAND RESUllTS
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-,.0 MM
-mm
-.Q36S
-.0s72
-Saw
-.C316
-.0e42
-.lm
-.o’mo

.0s!0

.020s
-.0120

.Cao

.0208
- .077C

.00=

.01ss

.012s

.Cr3S

.ca I
-.0106
-.0266

1

-.MCN
-.OSQ
-.10S2
-.llm
- .OLTea
-.1S28
-.1722

m-m
.Mn

-.0105
.0690

-.061s
-.ce7

=

Ck

-am
-.OUS

-.0%8
-.fx 10
-.0193

.0141

.Oln

.Ms!

.am(

.Ce6z

A&.6
.mn
m
.CSS52
.OY’7c
.036!
.0607
.0362
.0223
.0222
.0700
.W8
.Oals
.02=
.Oua
.0-
.Oas

-Jnos
.Calo
.02?2
.1285
.2066
.017s
J=
.201s
.19X
.1144
.1226
.IIW
.Cdea
.2020
.22cd
.MZ8
.1810
.0613
.12m
.0720
.W?2

~
x
.460
.9m
.126
.420
.200
.U6

IE
.lm
.620

l.ua
.126
.4m
.822
.100
.376
.2U0
.IZ6
.Zm
.700
.076
.W
.620
.116
.6X!
.s60
.176
.ex
.L?8
.225
.Ua
. us
.s75
.27s

:s7
.Scu
.076
.mo
.KO
.Om
.2CQ
.420
.12s
.Sm
.925
.203
.am
.S50
~

Cp, Cy,

-.JX638
-.0467
-ma
-.Mea
-.omo
-.0494

.LW77
son
.0197
.s326

-.0$31
.036S
.lla
.0272
.17n

-.CU26
---

.064s
-.CQ?7

.0339
-.M12
-.0220

.Oloz
-.OIU

.0d26

.m65

.lGW

.0023

.0727

.1172

.1239

.1s72

.22s2

.1064
-.0215

.2s83

.0271

. mu

.1?s4
-.0164

.Oma

.0322

.0s41

.0327

.L2n

. Mu.

.0414

.S126

.2s66

.Xm

A

T r
z

230
4.03

2::
4s3

.20
2.15
4.20

.20
2.s5
6.2.0

z::
4.40

2::
4.18

1:9:
s .m

.20

%

2$
4.2s

.46
S.m
6.40

.7s
a.55

2::
S.40

1::
3.35

.62

;:%
.76

::%

2:%
4.m

.60
S.6Q
2 .ss

~

Ck,i
0.40
2 .m
4.90

.m
2.22
4.70

2>7
6.18

z::
5.22

.40
2.20
4 .W

1::
4 .0s

1::
3.46

1::
3.40

.48

:::

3:2
5.23

;::
.28

w

1::
S.M

3

:s
.40

::2

?.::
a.m
1.10
4.08
2.76
~

c.
%

-mm
-.M36
-.010s

.G314
- .OcaS
-.m27
-.m07

.Wa
- .ca8

.0345
..0037
-.0m4
-.UX18
-.W17

.01=

-A
-.0022
-.0329

.C.318
- .mm
-.M19
-mm
-X.387
-.L-Q21

Sat
.M29

-.0237
.0m4
.OIM

.Ua2

.CC44

.0022
-.0311
-.mlz

.Ca3s
-.C021
-.2023
-.C.XM
-SCa
- .KQ6

.0226
-.0386

.W20

.CM6

.mw

.01s4

.C5sa
Sal

=

C*.

G..22m
.2652

-.xza
. .362?

.2-
.Jasa
-.3520

.3s2.3
-.1s17
..2269

.4?s6
-a649
..4s75

.4ca0
-.2817
-.4668
-.0220
-.3M1
-.6387
-.nm
..22?2
-.62a7
-.272s
-am
+’.la’.lw

..2771
-.lW

-:%6
-.0240
-.2887
-.5?48
-.1s78
-:aml
-.2918
..4213
-.29s2
- .mm
-.624s
-.2.936
.. E2’K!
-.m7
-.22C61
-.XXW

.mo
-.2s14
-.0128
-.0237

A

.0117
am
.020s
.01S7
.mm
.C02c
.0133
.020s
SUM

-.1510
.0186
.C4.m
.0130
.0146
-6
.0113
.Gaed
.ca?n
.0111
.M’34
.0.x6
Sac
.C.323

-mm
.0122
.0176
.0172
.m5a
.CQ24
.Cuao
.mZa
.Olso
.018s
.0127

. .msl
X.219
.mm
.mm

.0024
..ccaz
.017’2
.mas
.C065
.0182
-oaW
.0167
.0187

..W82

..0228

=

-mm
-.03s5
-.olm

.0127

.Oace

.QSB1
-.OIS
-.0676
- .02s4
-.02W
-.0220
-.141a
-.0Q23
-.0160
-.C.335

mm
.0140
.’mw
.0142
.0262
.(M32
.0267
.02d7
.1087

-.0170
-.0s7’9
-.06=Y.
-.03s1
-.oea
-.mn
-.03.53
-.CHS1
-.CQ3S
-.CQII
-.0s.98

S&0
.W25
.0102
.ca2#
.MS9
.021z
.0m7
JM42

-.olm
- .06s2
-X.228
-.01?6
-.0428

.m 62

~

-.caa
-.0152
-3X4
- .m37
-.0162
-Sm2

.0310

.Oc.x

.0103

.04S6
-.OIM

.01=

.0144

.0060

.Ozm
-.0114
- .C.xa

.MZ7
-Jxan

.Olla
-.0106
-mm

.s:

22
.0226
.OxS
.Ums
Alma
.IM4Z
.0200
.02’36
.0s42

-.0s1s
.owa
m
.0228

-i%
.0301
.Cc4s
.01:s
.017s
.0=7
.02rl
S216
.0229
.m 62
.C077

A

1.a27
.622
.1S3
.231
.721
.747

1.s62
.206

2 :2%
.763
.W4

1.s4s
.Tbi
.s91

1.710
.602

?.:%!
.81s
.741

1.518
.248

l:E
.?m

1:2%
.756
.70Z
.S71
.728

I .m7
.?s6
.822

1.228
.m?
.em

2.4X5
.826
.Tm

1.lW
.8ss
.?m

Lam
.746
.66U

1.076
.ns
.9s6

=

10

?

.

20

—
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TABLEI.- Continued

TABULATION OF TEST DATA ANO RESULTS

(c) p=oo; T= 180

<’-:’- $cno.A.A‘ ,~ -\ Iw cm’, o “’, ●0,

P22%h2

0 0 lz .16
0 S1.36
0 W.66
s 11.26
8 61.36
s 48 .6*

-10 12.86
-24 S1.S2
-10 48.22
-16 u .25
-15 31.s6
-15 m.ae

10 0 12 .X5
0 al.sn
0 46.6s
6 U .16
5 S1 .s6
s 48.02

10 12.25
10 al.aa
10 46 .6S
lz 12.85
w S1.S6
M 48.B2
-5 12.26
-6 al.86
-5 46. W

-m 12.Z6
-10 Sl,sa
-20 48.69
-16 12.16
-16 a1,26
-IS 48.69

60 0 12.E6
0 al.m
0 46.89
5 12.2s
5 J1.S6
5 46.62

10 U .26
10 M .M
10 26 d6
16 M .18
16 al.sd
M 43.60
-5 11 .Z6
-n m .28
-6 48.29

-10 12.26
-10 S1.S6
-10 62.89
-18 16.15
-M Z1.ad
-16 40.89

—

C7 = 14,00

Em AXIS

c%
.26s
.59
.K?l
.125
.s2
.m
.lza
.s4
.6M,128
.aa

H
.St
.20
. lU
.s2
.50
.lEH
.s8
.42
.162
.az
.m
.1?.2
.82
.m
. 1*8
,az
.m
.lZI
.s2
.m
.126
.Sa
.m
.128
.s2

%
.m
.2a
.lm
.22
.20
.128

::
.128
.az
.m
.U1
.as
.m

‘%
.0s19
.0411
.1647
.04@5
.Gwa
.1236
.03’46
. ]m
.1664
.!2402
.1017
.1602
.Oasx
.C#f6
.149s
.0399
.0271
.16s7
.04s6
.1OC-3
.1672
.0445
.1179
.1739
.cua6
.066a
.141@
.Cw2
.0=623
.2246
.0224
.078s
.Iam
.0266
.0874
.1s77
.0623
.0041
.1626
.06s8
.1067
.1706
.024s
.1206
.1021
.0544

..y:

.0240

.0761

. 1a06

.0201

.Oml

.1618

‘%
-mom
-.0062

.0108

.0626

.0a 1
-SQ47
-.0222
..c471
-.MC4
-.0423
-.1447
-.ms6
-.0236
- sum.

.0066

.WS6

.0100

.0141

.OFW.

.0647

.06s7

.0662

.1.3+1
-.016a
-.0444
-.0724
-.c016
- .mm
-.):s6
- .M24
-.1166
.O]ni
-.0064
..mla
-.0444

-.0%6
. .ct06

.-s

.0108

.0162

.0166

.0674

.Oam
-.0246
-.0826
- .om2
- .Omd
- .0M5
-.1s84
-.W74
-.112s
..18n

cm I ‘.
-.2183 mu
-.maa .012s
-.nm .Olm
-.31W -.0141
..7134 -.0693
..7420 -.C438
-.2726 .0896
-.27M , 1s7.0
-.677b .1228
-.1693 .0262
-am .16s0
-.2861 .1?25
-.mwa .CC82
-.2222 .mIa
-.764n .CQ18
-.8080 -.0141
..712a ‘- .0881
-.23m -.0624
..284$ -.025.2
..mrn -.1197
-.6446 ..1424
-.1816 -.0416
..mw ..1646
-.8648 -.IIM
- .29M
-.6076 -$%
-.2424 .Cw.m
..2623 .0595
-.6652 .1OD1
-.m66 .ovm
-.Z666 .0960
-.4392 .1s24
-.alm ,mal
-.z626 .C.m2
- .622S .C018
-.7216 -.2Q16
-.66m -.0120
-.mla - .001s
-.62m -.0757
-.s150 -.ozm
. .’nm -.llW
-.0260 -.14S7
-.8783 -.0665
..7176 -.1255
..2276 -.szm
-..?003 .0216
- .wm .Ozm
-.4266 .Omo
-.s674 .oMa
-.2213
- .rmz “a%%
-mm .mm
-.2418 . lMS
..11?4 .0176

Ck I ‘/9
.060

- .@”ae.2m
-.ceza .675
..M17 .Om
..0640 .220
. .08b2 .620

.0266 .020

.mW .160

.0176 .8Z6

.=26 .Om

.0622 .326

.0@A6 .rm

.0281 .Om

.1926 .260

.1478 .2S3

.0240 .=5

.Ime .me

.1 X14 .s25

.ca64 .025

.16?l .203

.0646 .526

.0246 .052

.1406 .1ss

.0818 .=

.0266 .072

.1147 .s18

.Mrn .8m

.0788 .076

.2166 .4Z6

.1M6 .7’28

.W48 .126

.21s6 .m.3
urn .0Z8
.1162 .076
.1760 .27s
.2062 .860
.UMo .076
.s67s .U6
.S115 .475
.02’/6 .050
.zt06 .2ca
.1974 .4cm
.0m4
.2242 %
.2C82 .Sm
.0616 .lW
.1066 .6CQ
.Z886 .186
.2643 .Im
am .5CQ
.mt4 .9M
.16m .m
.1sss .=
.]7m 1.178

L
,

0.28

:::

1::
2.26

. .
.92

2.16

: :Z
.X6

1.08
2 .W

1::
2.10

.*6
1 .Co
1.66

.m

i::

1:2
1.60

,20

; $

1::
3.10

.4a

N
.s6

1 .Cu
1.20

.46
1.60
1.C4

.W

1:%
.25

:::

1:%
S.m

?.:%
s .m

LI IA
0.38 O.m
1.06 1.02
2.06 2.02

.60

.98 1 :%!
2.15 7..Zo

.40 .s0
1.26 1.10
2.40 Z.26

l:fi 1::
Z.m a .40

.26 .*S
1 .0s I .oa
s .03 t .WJ

.20 .s

.80
1.0s 2 :%!

0 .1 s

1:%’ 1:;
.60

1:: z:%

1:: 1::
2.60 t .s6

.46 .10

::: :::
.48

z:: z .08
ass 3.58

1:2 1 :0?
t ma 2 .0s

.26
%

1.20 1 :E

1:%
1:: 1.66

. . .2)3

1:: 1 :4?
.40

1 h:
::: a .40

1:% 1%
s Jo S.1O

.76
;:% s .4G
4.20 4 ml

&’
-.W63
-.022s
- .CO’M

.CC46
- .wmb
-.011s
- Jon
- .Wls
..0056

. .“&?
- .OM1
- .m!
-.016.6
..0 1C4
-.ccm
-.0741
-.OZLW

.0001
- .(X47
- X.%0
---

.W1*
. .032a
- .mza
-.0111
-.m6T

.MM
- .00?2
- .CeM

.0062
-.0066

.MZ1
-.CM4
-.014a
..OIM
..W61
..0141
-.0161
- .m6

.Olcn
..0126
. .W2
. ml
-. MT?

.0301
-.0246
..CQLW

.~6
..-

.Ce56

.~6

.Oca

.M?.o

c,
~

- .L4’n- sad
-.0010
- .mlo
- .CQS6
- .Wla
-.W42
-.036?
-.0001
-.0062
-.m40

- %3
-sM

.Omr
-.mel
-.omz
- .M17
-.0116
-m
-.WW
-.0121
-m
-mu
-mm
-m
-.*4
-.0062
-.OMS

.0069
-.01C8
-.0336

..W1l
.aw7

.0016

.mW
-.0c46
..2C44
-Son
-.C047
- .m87
- ~~

- .W.ls

.0m6
-.M64

.0131

.oms

.0n4

.01s6

c,
.

-.s124
-.7426
-.nm
-.alu
..7266
-.7461
-.28X
-.66M
-.660s
- .Z227
-.2266
-.9130
-.6W1
..7186
-.7682
-.s111
-.74:7
-.6671
-.1609
..7720
- .mM
-.6691
-.n7s
..0724
-.2064
-.640s
..3621
- .WQ7
-.6666
-.2376
-.u’m
-.4976
-.S611
..1666
.,nol
..l’au
..6s:s
-.74s7
..6666
-.6261
-.7660
- .mza
-.2vm
-.1697
1.0212
-.17s7
-.7666
- .5a14
..2466
-.22s6
-,36M
-.2676
-.*9
-.17s6

.0117 -.CG22

.W26 -.0686

.0220 - .0a66

.CG63 -.0226

.w26 - .W88

.M61 -.02s7

.0187 Sad

.0166 -.0124

.Wm -.oa~

.0124
.01?6 ..0130
.06al -.m14
.0100 .mu
sum .0476
.M87 .014#
.Ol& -.0066

.c026 -%i”6

.0G46 -.0116

.0614 .omt
..-2 -d166

- .Wm
.OZO* .0427

. .COla -,0126
.0326 .00s1
.062s .0666
.W62 ,01:4
.022s .0Q69
.0286 .0746
.0177 .0626
.0198 .0111
.0406 ,W64
.026S ,026s
.01s7 .0U6
.0116 .0660
.0106 .0s9s
.2Q70 -.0117
.0078 .06Cd

.Cum
>%% - .m66
.0677 -m
.M60 .0119
.0137 -.0017
.0277 .0101

. .(X.36 -.0142.

..0144 - .0n7

. .0c42 -.0326
.0641 . 2M6
.012.6 .0206
.02S6 .0441
.0ss7 .Q642
.0667 .0429
.062t .W66
.W98 .11s6

1 .75s -SQol
.64s -.0?70
.776 -.066a1.110-,14X
.834 -,0766
.716 -.0766

s .001 .0496
.- -.0243
.746 -.M66

8.mT A13t
.606 - .0s?6
.’764 - .0?26

2.61Z .0176
.?40 .2m4
.774 .02M

Z.loa - .C404
Am .1676
,661 - ,Mm

s.66a -.0666
.6s6 .mn
.610 -.CS16

t.lw -.06M
1.066 .s202

.2ss ..C4LW
:460 .02W

.641 .t4m

.776 .@66
1.711 ,W16

.6s6 .lm7

.726 .0420
Zm m

.776 .1474

.7W .06M
t.69S .2064

.a M .Oml

.730 .0766
s .0s2 - .06s6

.234 .0616

.766 .0614
1.747 -.1011

.716 -,0269

.ma .C4rs
l.mz -.0267
1.60 .02s3

.721 -.0136
1.609 -.66M

.619 -.0074

.6U .1991
1.366 .1616

.741 .1156

.7m .1146
l.ml .MC4

.64s .Ono

.4M ,109,

.

.
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TABLE 1.- Centinued

TABULATIONOF TEST IM!A AND RXSUU?S

(d) ~ =OO; T =24°

\~

b + C*
0 0 1?..X5

0 31.26
0 48.89
6 12.ss
6 S1.sa
6 68.89

-10 L?.2S
-10 mm
-la 48.89
-1s lsm
-M 31.s6
-1s 68.s9

0 0 U m
0 S1.st
0 48.s2
# 22.25
* 31.26
s m.m

m U .26
20 31.2G
10 48 .ss
1s Isa
16 S1.m
1s M .ss

-6 u .2s
-B 31.26
-5 48.89
-Ill Is.ss
.10 S1.ze
-w 40 .2S
-18 12.26
-18 S1.Z6
-1s 48.8s

o 0 3s.25
0 31 .ss
0 4e.Bs
6 ls.m
s 51.3*
s a m
10 X2.:6
m 31.32
m 46.6s
lz u .2s
1s :1.s6
1s 48.89

-6 U.2S
-s 31.36
.s 46.SS
-!0 u 26
-n alm
-la M .s2
-!s Iz.m
as $1.3s
-15 am

‘$
.126
.Sz
.m
.126
.s2
.m
.12s
.24?
m
.128
.s2
.s0
.125
.s2
.s42
.115
.21
.23
.lan
.ss
.63
.1Z6
>2
m
.22 n

,.s2
m
.12s
.32
m

:s?
.S2
.IS5
.s2
.m
.U s
.ss.
.s0
.126
.22

:?6
.32
m
.U6
.s2
.m
.lss
Ss.
.83
.126
.s2
m

=Db
xxi
.1s41

%
.1260
.20’n
.0s44
.14m
.1111
.0630
.lrm
.2118
JX56
.1174
.2012
.0SS7
.2274
.Zm
.0s21
.14s3
.2L28
.oms
.163s
.=44
mus
.1?ss
.193s
mm
.U96
.1s17
.C427
. L276
.1s22
mea
.17A15
.I%8
.oMa
.13.54
am
.0741
.1437.
.2?s7
.wm
.1224
.2467
mm
.lzll
.18W
.0222
Jon
.lSUS
.055s
awl
.1s+s

.

C%
z
-.WS6
-.m63

.C071

.0222

.ozce
-.02s8
-.0867
. ..24ss
-m$l
-J9w
-.1018
..0108
-.0246
-JnOs

.ma

&71
Jll:

.0626

.rYml

.07s7

.0s53
+Tlm
-.0s64
..0s67
-.ms9
-.W42
-.rzz,
-.M7S
-.1193
..12s6
-.0177
-.24s3
-Sn6
-.W3S
-JN23
-mzs

.mn

.01’36

.OUls

.m02

.0s94

.02s2
- .L-nm
-.0m6
-.1183
-.C4S8
- .09=
- .1s24
- .0W7
- .E44
..ZIW

c c. *

-.3SQS .oom
-.s6s .0105
.l.1C4S .0t06
-.s2.4 - .024s
-.8610 -.0s)2

.l.1C48 ..0781
-. S2C-2 .0s05
-.’7224 .Ikla

.1.06?2 .1?25
-.3132 .cwm
-mls .2Ms

.1.0332 .mF.2
-.ss02 .mas.
-.?ms .0318

.1.0947
-.62s2 Jlz
-.7W2

.1.1246 -m46
- .3Zm -.03$2
-mm -.1245
.1.1126 -.x7m
-.3115 -.0s94
-.6s23 -.1820

.1 .Q2S0 -.lQs
-.alm mm
-. X?-UI .024s

.1.131’13 .02ss
-.s1s5 .DLlm
-.7a1s .Mm
-.6:67 .l.SM
- .%!5 mz;
- .6=s
-.WM5 .?.07’I
-.2ss6
-.lsm -$%

.1 .0s03 -.0370
-.3ss0 - .olm
-.MM -.U46

-1.0$93 -.cma
--=16s -mm
-.0226 -.13U

.1.140S -.18=
-.s04s -.2434
-.8184 -.Lsla

.1.1?s2 -.sss6
-.ZM9 -.0s66
-.TUO -.0s41
-.s7ss .Oms

J-

->616 .Oela
-.ss01 .llm
-.76s4 .lzm
-.s464 .US9S
-.W I .16Q
-.s6ss .1s44

Ck

-.0141
-.024s
-.0ss2
-.c4m
..0s!0
..0848

.52ss

.02ss

.021e

.W16

.]csa

.KHa
mzs
.1272
.Z!x$
.0636
.Usm
.1208
.0160
.Q2zd
.W46

.k

.0s34

.0246

.16m

.2ss
/2s=
.124s
.2m5
.1KX3
.s276
.s25s
.1356
.zesa
mm
.lma
.248s
.wsl
.0s45
.Sssa
.a414
mm
.1813
.Z672
.1ss4
.s 1-
.6S06
.15e4
.as44
.43s6
.17s0
.Was
mm

‘/b
F
,Zm
.426
,Wb
.zm
.4 w
,07S
.Z76
.476
.203
.s00
.6S43
,07s
.1 m
.4s0
.076
.223
.416
.Om
.226
.4W
.0s4
.s26
.576
.m76
.s03
.476
.2!M
.S@2
.67S
.U6
.s70
.700
.076
.2s0
.4 m
.m7n
.7.Z5
.+x
.0?s
.17s
.am
.M4
.17s
.302
.lca
.316
.676
.126
.426
.7Z6
.Iso
.Sm
.053

—

L
r

KG
1:?5

.26

.76
1.60
0

1 :?6
0

1:2
m

1::
.s0

1::

::
1.40

.45

.86
1 Aa

.20

1::
.20

1:%

1:2
1.s2

.26

1 :7s
.ti

1::
.s0

1::
.20

1s
.s0

::%
.s2

:$

i%
2.8!

—

CG
1>;

.20

1:8
.ss

1::
.s8

1.03
L.w

al

1::
.s0

1::

1:%

1::
.60

1::

1::
1.KI

1 %
2.10

%’1.40

1::.-
..ss

1.0s

G
ifs

.18

.28
1.26

.12

1::
.2s

1 :?0
.10

1::
.16

1.2:
JO

1:$
.13

1::

.%
1 .4s

:;
1.43

1:%
1.96

.2..

1::
.M

lZ
m

1:3
.s0

1::
.15

:::
s

%.
.4a

1 .6s
‘Z.61

—

c, C*
% %

.1$42 -mm

.s4s2 -.0077

.s$0s -.014?

.Z449

.lSSI - .X4 1
-.0161

.6627 -.0137
,1ss2 -.0311
.S678 .W23
.6S16 -.0196
,14s4 .0260
,sms -.CC45
.2ss7 - .IXG8
.1ss?. -.0W2
.msl -.0118
.5602 -.olm
.222A -.03s1
.s448 -.0188
.s2ss -.0176
.141B .CC67
.ss31 -me
.s46+ -.0=8
.14ss .mm
.7!s1s -.WS7
.s616
.22.21

-.0076
-.0181

.s42s -.WS2

.s4s3 - .Olcu

.1s2 -.016s
mm -.0312
.Sssm -.IIW2
.1420 -.mml
.3s6s .ms2
.ss23 - .WS s
.ls46 -.0081
.s42.3 -.C=IS3
.Ma2 -.0144
.23SI -J-334
.s-ie7 ..0118
~,: ..01ss

.oIOs
.sss2 -.COS6
.5672 -.01s6
.1467 .Olm

1
:3SG9 -.0020
;::: -mum

-mar
X23 -.m*l
.:;,ga -m76

.3618 %%
.sm4 -.M6S
.145s .01s0
.asm - .Qx’z
.S6d0 - msd

Mar AXIS

C*
5

=
-.DXS
-.03ss
-.CC147
-.c.ms
-.MIS7

-%
- .Ctul

:%
.W61

-.00Z4
-.W1
- .K. so

mm
- .0x6
-.0241

.0026
-am
-.CC85

.K122

- .OIM
.M2a

-.ctms
-mu
- J-am

.QXo
- .Caa
-.cuu

.022s
-can
-.oces

- .Celm

ma
.ca7
cam

- .Cim4
-mm
-.C017
-m16
- ma

.ca3

.@m6
- Sam
- .Omf

.m14

.0241
-.C062

.0024

c,.

a
.l.106s
-JIM
-azze

.1.113*
-dam I
-.2021

-1.0s21
-.3264 I
-.23S6

-1 .W4s
-J2S8
-.zozB&

-1.llm
-maa
..7866

-1.1ss6
-.s90
-.s166

-1.1369
-.3177
-mm

-1.0967
..KJ2
-.alss

.1 mm
-.ss70
-.7s21
- .s672
-.ss77
-.741S
- .W7
-.SU7
-.7s9s

-! m67
-.3ss1
- .s416

-1.IS36
-man
-.sss8

.1.s0s2
-.=9
-.s22s

-1 .Zsm
- .3s6s
- .rms
-.9?s6
-.ss74
-.7217
- .27ss
-.2116
-.mrx
..am

cm,

K
---
-.W46
.-s

..00s4

. .Olss
ms4
.C.?M

.Cc-2s

.016s

.mt4
..Q33Z

.C96S

.0106
-.01s2
-.QXTS

.2:
-mu
-.W06

-me
.02s1

---
.011s

-mm
31.34
mu
.01*2
.mls
.01?2
.-
5:

-.ms{
.Ca4
ala 1
.03s6

$“%
.-6
.MOl

-.W9
-.m~

.0211

.0S46

.02ss

.0s00

.Oms

.0ss6

-1
-.01s7 1.6S6 -.ilm
-ms’l .627 -mm
-.0s66 .Q6 -.067s
-s27 S.1.S1 -.2s20
- .03Z6 .72s -.0s25
-.0664 .93s -.0722
-m ;.:; -m14
-mm
-.0117 :7s4 ::=
-:j.3# S.lls -.0476

.66S -s97
-mm .67s -.0120
-.0220 1.Z20 -x+x
-.0116 .s61 -mass

.0118 m M
-ms6 a :Z -.Q67
-ml 1.114 -.012s
-.0174 .707 -.OQ1
-.CS21 3 .s46 ..1246
-mm .2X4 -.1L3S
- .02w .717 -.0s66
- .=24 s .sss -.1E6
-.M17 .7ss -.112s
-.M6S .s1s -m+?

.0ss7 1.s57 . 1K4
-.02S6 dS3 -.cJz4a

.01s7 .767 m67

.0163 1.2s7
..0ss4 .66S -$%

mm .77s .mm
.01a3 1.6s6 mm
.=24 .877 .0616

-.ms4 .7ss yl
Sims 2.94s
.OISI 1 .Ws .0622
.am .M6z

-.W26 l:WO -.0s27
-.olm .Us -.03ss

.02s2 .742 .06s2
-.0114 2.417 -.07s7
-mos m7 -mL4

.0233 .0s48

.0067. z :Z
-.0s11 1 .CsO .26:
-.mll .?26 - .0s76

.0EC4 1.324 .4s11

.Cr73a .’!23 .1102
mec .761 .107s
.*26 1J67 .1s24
.0416 .sss .llM
.osm . 1s67
.9s76 a :E .2s27
.CU9 .77s .1166
mm .s96 .1618

1

.-
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TABLE I.- ContInued

TABULATIONOF TEST lWI!AAND RESULTS

(e) j3= OO; 7 = 30°

c. = 14.00

Tm
—

‘# %

0 17.61
0 al .s0
0 48.80
6 17.22
6 48.82

-m 17.61
-20 31 .s6
-20 48.22
- M 17.61
-15 al .W
-16 4R.W

0 17.W
0 31.s6
0 48.m
8 17.61
5 al.ss
8 48 .6V

10 17..21
20 al.s6
10 48.69
16 17.61
15 M.,S6
ls 40.80
-8 17.61
-6 s1.s6
-6 66.89

.10 17.61
-10 w .$0
-10 46.60
.16 17.61
.16 al.w
-M 46.60

0 17,61
0 al .80
0 66 .s0
6 17a
6 S1.aa
6 48.69

10 17.61
10 S1 .S6
10 48.69
16 17.41
1s 81.s6
1- 62.89
.6 17.6i
-6 al .8*
-s 48.0s’

.10 17.01
-10 al .62
-10 48.20
-15 17.61
.16 -al .aa
.1s 48.89

T
.62

::

:R
.62

%’
.s7+

:E
.s1
.m
.16

%
.11
.s6
.s0
.16
.s2
m
.16
.s7.
.s0
.18
.s2
.Sn
.18
.s2
.m
. w
.s6
.s0
.18
.?,7.
.60
.18
.ss
.69
.16
.W
.69
.16
.s2
.W
.3

.m

.ln

.s2

.s4

‘% c%
.0s02 -JWS6
. 16U -.0036
.2600 -.0071
.0967 .0159
.26M .MS6
.09W -.W66
.1766 . ..071?.
.1767 -, 208s
.10s6 -.0M7
.WSa -.1188
.26?5 ..lW
.067S ..0177
.1699 . .0s?1
.1*4 - .0sss
.02M -.WW
.lbx
.2616 -.&16
.Ossi .mss
.1726 .-
.2621 .Msl
. 1M6 .0S16
.1sss .Osmo
.2s67 .0M8
.Ow -.0sss
.)5ss ..0538
.2467 ..10ss
.Cdtw -.06cQ
.1649 -.wm
.2466 -.1447
,0869 -.0777
.1M5 -.1s41
.24 ls -.?C47
.0816 -.039s
.1s66 -.0s47
.?4s2 - .Cwls
..%52 - .0s12
. 15W - .Cms
,220s ..0s18
,0W6 - .olGd
.Msd .IW16
.MOz .001a
.064s -.0217,
.1676 .0S66
.S6$- .6461
.C4s -.ossa
.1472 - .OMa
.2416 -.141s
,0776 -.07?7
.Iaas -.12CQ
.226S -.1723
.07S4 -.0867
.1s60 -.1610
.20m - .Mse

W AXIS

%

..6717
- .S469

.1 .a12a
-.M69

.1 .X2m
-.N33
..29W

.1 .s?ss
-.s061
-.912s

-1.lWJ
.. Sam
- .Ssea

.1 .27ss
-.MM
-.03’2s

.1.15s4
..slm
- .WC4

.1.s21s
-.61E2
..ems
.1.S126
. .4M6
-.8639

.1.1s8s
-.4640
-,8a19

.1,1200
..426s
-,7744
.l.OMO
-.4.506
-.62?6

.l.12M
.,4860
..sm
.I.tsm
-.6062
- .s062

.1.2001
-.W20
- .*164

.1,26?2
-.466d
..7ss2
.1.07S6
-.4H’7
-.7SF4
-.esse
~ Se&

..s44s

-E-
n

.0162

.01ss

.00S6
-S.sl!
-.0066

mm
.1662
.Wso
, 163s
.Ww
.2s8s
.W70

- .&S6
-.0s17
-.0506
-.0266
- .Oasa
-.laso
-.lem
..1OM
..1926
..S816

maw
.0704
.0s28
.W1O
.1S26
.176.3
.1179
,s002
.XSS4
.M2s

..&’m
-.C317
-.0234
..lCXX
. .M61
-.1.?36
..18S6
- .0s16
- .Sc.m
..1666

.0237

.0s34
..lcm

.0010

.1s02

.1614

.1179

.1?96

.2102

Ck

- .QJ69
..mzsa

.0211
-.0606
-.110s

.0176

.Osas

.wafl

.0S16

.0074

.1626

.0+06

. lSU

.2173

.-87

.1074

.1s60

.CJ17

.05s1

.C@xs

$%
.0181
.112s
.184s
.24S6
.)SW
.1443
.3118
.1707
.2?S6
.S676
.174Z
.32s1
.*2@l
.1795
.1880
.s?s1
.1167
Jam
,3366
.111s
.164s
.: 6ss
.X.24
. S66a
. 81a9
.s7.5s
.36s7
.6104
.Zw
.acds
.s1:9

‘/b ‘,
.12Q 0 .s0
. 17B
.603 1::

.s0
:8% 1 .0s
.lW .20
.zm
.426 1::
. U?6 .29
.2S6
.476 1:%
.100 .20
.W4
.37s 1 :fl
.07s .30
.600
.276 1:%
.0?s .ss
.17S
.s72 1::
.07s
.176 ::
.s78 1 ..?0
.200 .16
..?2s

1 :2%
:%s .Zo
.s6.3
.616 1::
.120 .36
.s=
.676
. ]m

1::
.ss

.Sm

.4 m 1::

.076 .S6

.lW

.376 1 :0%

.0?s .40

.172 .86

. SW 1.06

.050 .40

.15C!

.275 1:2

.126 .2a

.200
1%

:E .60
.16.3 . ‘m

1.60
f%
.425 1::
.772 1.s6

T
G
1:%
lZ
:27

1.16
.60

1::
.s0

1:%
.10

1::
Jo
.40

1.00
0

1::
.ro

1::
,40
.76

l.za
.s4

t::
.20

1s
.s0

l::
0
.40
.6s
0

.%
.s0

1::
.60

1::

1:%
1.00

A

G
1::
.25

1.M
.s0

1:0:
.ss

1::
:%

l.ls
.10
.4s

1.03
.s6

1%’
Xl

1:%
.1s
.66

1.W
.24

1:Z
.46

1::
.26

1;:
.2s
.2d

1 .0s
.s0
.23
.98
.s0

::
.2a
.26

1.s0
.48
.7s

1.*8

1::
1,88

n=
J&
-.0116
..0106
- .06ae
- .00?1
-.0226
- .KOs
.i=m
..OIW
-ml
.,0110
-.01ss
- .Olso
-.olm
-.0S69
-.c.aea
- .N33
-.oms
-.03?3
-.0170
- .(ISM
- .Ws6
..0126
- .2%’06
-S4m
-.0120
..0248
- .W66
..CC.W
-.01s1
-.@al
..UX7
-.00’7’2
- .0M2
- .0L60
-.(7S6?
-.016s
-.0118
-.M29
-.W9S
-.0s66
-.0S86
. .0s1s
-.0171
- .C4S4
-.wms
-.olzd
-.0117
-.0341
-.0119
- .01s4
.mz
-.WX4
- .0G76

T
C,c,

%=

-.W36 -.671?
-.03s8 -.s466
-.CW1 -1.2s1s
-.0219 - .6WS
-.W3S -1.s24s
- .00s6 -.s20a
-.maa -mm
-.maa .1 .a*17

-.ssss
- .OIM -.S461
- .WS2 -1.C134
-.-3 -.sss1
-mm -.9427

.0066 -1.2976
-.0108 -.6466
- .Gcm -.0607
-.U3S8 -1.1702
- .Olcd -.5102
- .0m2 -.W6S
-.@xi -1.ss7s
-.C.3W -.622s
-i?H2 .:96s4
-ma -1 .s42s
. .021s - .Ww
-.OM1 -.s66s
-.0117 -1.2277
-.0373 -. mm
- .W76 -.6766

.1.1767
- :%% -.s24s
-mm -.5647
-.CWS .1.140s
-.m9 -.6111

.C016 -.6074
- .msa .1.s614
-.Q064 -.6165
-.wsd -.0226

m J.69S1
..01s1 -.622s
-.W61 -.s6S6
..rmn -1.S466
..0673 -.6426
- .Wt16 - .s528
-.0106 -1.1296

.ms7 -ml
- .W -.65w
- .0w6 .1 .177a
..olm -.4292
-.~6 -.8SIS

.0103 -1.129s

.0036 -.4816

.M21 -.8144
-ma -X.olcd

on*

.wss

.Ws 1

.0!00

.0066
-.0166
-.000s
-.0007
-.mla

.03s1
-.0156

.O1lT
-.ms’l
- .W7
- .207s
-.W21

.Mtl
-,om4

.COIB

.C066
-.0W14

.0066
ma
.WS6
.M6s

- .M06
-.MS4

.Cc81

.0110

.0046

.0146

.Ww

.0146

.On’l
ml
.mss
.0101
.0211

- .Uxt

- :%%
,m67
.0S67
.00S6
.1056
.Wn
.0166

-.2s11
.0181$
.C4?6s
.~6
.*C
.0s06
.0s6s

Ck,

-,0167
-.0S61

.0163
-.0464
-.lSM
-.0205
-.0155
-,01S7
-.0063
-.0201
-.0141
-.Ma9
-own
-.C022
-.0ss2
-.0166

S4s
-.01 m
- .0w6
- .0s61
-.CU06
-.M 66
-.0226

. %77
-.0146

.Ww

.0166

.0x7

.0166

.0166

.W66
-.021s
. .0140

.0160

.0166

.mm
-,0111
-.m46
-.0169
-.0167
-.0M3
-.0W4
-.07M

.Mm

.0962

. 1s02

.Ows

.1s61

.1M6

.1662

.s108

.nn

.624 -.0761

.Tu .:,0

.966
tas -,12s1

,S2z -.1456
1.410 -.1676
1.026 -.0404

.?26 -.0340
t.ma -.0ss6

.666 -.02S6

.761 -.0260
1,2s0 -.11ss

,s01 -X414
.bM -.OJ1O

1.470 -.1s4$
.613 -.052C
.91s

2 .Ow -%
.7s6 -.06(7
.6M - .066s

1 .m -.097s
.767 - .09s4
.ss6 ..06s7

S.tw .0s20
.6S6 -s14
.676 -.0281

1.567 .Owd
,WE .MS4
.796 .Cao

1.S64 .O’i5#
1 .Cu .0426

.74s .06ss
1.6S6 -.007s

.636 .0660
SW

1 :%7 .W.st
.740 .0161
. S70 -.otw

t.ms -.0714
.702 -.wm
.6s0 -.CW7
.116 -.01s1
. 7s6 - .066s
.78s -.1177

1 .s1s .:s77
.*W .W46
.m7 .6616

1 .4s6 .4616
.9s .4ass

.SS06
1:4; .7ss1

.81s , S702

.5W .4626

.

.

.
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TABLE I.- Continued

ZABUIATION OF Z’Es’I’DATA AND RESUICS

(f) p =200; T=6°

\k-l\++

0 0 C.la .24$ .0348 ..MS* 0 .Tas 628 6.22 7.29 ,.74
.X4B am .C:l 1 .:070 272

.1475 .olo~ .Ima 1.OU1

.:
7.16

.242 .0M5 -.024s
0.9s 7.40 ●.78

.2?a* -JUT,
-.0:43

.Lf42 % *.49 7.55 7.20 7.39
.2617 .mOI .s 22

1s

..0%7 -J&
.269

1.0627 .J.M

.246 .0SL2 .CN2 0 -.M74 .0634
.u3a6 .0117 .2m4 .04?9 .)?363 1.M7Z

2% 15
.s7s 4.b3 s .40 4m 4 .a .29s.

.0830

.246 .0244 .CW!2 .@342
.0:03

-..7137
.0227 -.01S7 -.0125 .0 cm .mx

.0:42 .57,
.0519

4.M 3.M 8.10 4.71 Jm, -.0121 .02s9 .0174 -.OIM .M m .7096 .abl?
c. = 10.M

0 u 2s .145 .Mal - .Otm .t.%Q .017s -.a?4n - T.m 7.M 8.E3 n.m
1: .Z4, .05K

.2478 .0:42
.C449 .= n

-.!?1$9 .=48
.0W6

.01s2

m M
n.q 7.3, ,.as ,.,1

-.0361 1.17U ..02?2

.248 .047, .0m4 .2s M
.2.U6

.Oz7s .0;?6 a-s
.0293 -.U1l! .ma 1 - .W3s -4101 1.s899 -.un

5.7s 4.$2 6.03 S.&a
.24s .0573 .1233 .Um

.2m4
-0:?3 -.0345 .a

.mm .0291 .2268 -.0269 .0548 l.ona
5.2s 4.19 S.m 5.03

m E

.0M4

.246 .0987
.2721 .mSe .0527

.U?7 -.0173
.U48

-.1OM - .Onda
15

-..3171 -.0147 .9411
.4 W 4.10 3.0 * .43 3.98 .Zwl

.lm

.243 .cd&7
.0232 .0041 -:0 la

.Iscn -.0?49 -.lzm -.1035 .4 s.,
-.1117 -.0787 .02%1

:.ss 2 .m 4.&rl a.m 2%31 S-2a
.1401

.MOD -.0312 -.U71 -.09W .23s1 .1419

0 0 Iz.t* .lm .04
10 .lm .0437
m ;: .1?4 JM22

“1 aai%h~m~l ~~I N xl 4+a%iT?a %! T% ;
c ,, ,0

-la M M.zd .24s .0S45 .0838
ZOls

.1617 n2s1
.245

.0118 -- 8.10
.0=8 .Uu -.IX4? -.0m3 .0=4 .423 4 .m

<

10

m

0

6

10

nm-
.IM
.U6
. us
.Us
.125
.115
. us
.12s
.U8
.lM
.128
. 12s
.Ieo
.lm
.1?4
.1s0

%
lea

:E
lea
.lba
.120

%
.WO
.24s
.14,

.Olw o -.01?s

.0125 -..?111
ma Al:7s .0525
.0189 .01?7 - .Ca4
.9s.?6 -.KQZ8 .061s
.cQa7 -.IT247 .C.388
.03n .M24 .UX6
.03 M .M88 .Osza
.02s7 .W02 -.1423
.0247 .0380 -.16?Z
.mw .C441 .12M
.0388 .06?S -.1300
.0396 .Oau -.1%s
.016_ -.oloa .212{
.0s33 .W’m .1926
.0361 .0140 5:
.Mm .OZM
.0199 -.01s0 .Zln
.Lu ml -.0316 .2s48
.0 Ml - .0s 2s .s41s
.0302 .mal .Zlm
.MOs . .0477 .OT.w
.W7 .063U .47U
.0248 .0s6s -.02s4
.C4311 .cdn -.mzd

.9?41 - ;gg
.0744 .11s.3
.Ow .0s47 -.1024
.0581 .09s4 .21M
.0s’7s .1= -mm

.. ---
G.40 S.vs .zml .0124::2 I S4S .1529 -.0M8
4.23 : .2s .2-H

.0328 .Mat
.0143

.Osm
.ca88 -.08M -.ona .m49 .7332

: M .00

. 1s62

S.m 4.00

1
Z.m S.40

;:: %
4.m 6.00

4.OCI 43
4.50 6.23
S.m 4.23

.9s 2.40
t.lo

:% a.ls
.Sa 1.70

% M
6.03 6.1s
0.16 S.40
6.s0 6.20

a.in
623 a.m
6.00 6.15

% ::
7-M a.m
S.l!a 4.40
2.10 S.m
la 1.P3
S.za 4.40
1.CQ Z.m
a.40 O.w
G.lo 4.a.3

16.40

cm
7..n
4 .m
1.51
4.23
3.7%
a.oa
4.W
1.ss

;:%
1S0

K
8.s2
5.93
6.43

:>:
6.08
6.03
4.s
r.m
S.w
S.la
E.4a
S.oa
1.18
5.40
G.za

.12M .mc4

-

.12.33 .C.35S

.nm .aloa

.Uoa .00s7

.Izm .0194

.Um .010s

.1274 .01e4

.1269 .0110

.U 74 .0361

.la29 at
.I123 .0.521
.1s22 .mss
.14N .mza
.lm? -.MSO
.1834 .01{s
.122J .OIB1
.1947 .0210
.182? .olm
.18s5 .oln
.1s76 .0321
.18s8 .017#
.1M7 .nSaa
.12s2 .c#Z4
.Wm .03s4
.1233 .ml
.Iw .C292
.2027 .0143
.20U .QMa
.Zald .01s
.17LU .0111

~

Am
-a Isa

.0110
arm
M&l
.0437
.C4C3
.04s7
.0892
.@327
.038s

-.0106
-.0cd9
- .Olm
-.0103

.Cca

.0111

.0274

.C.xs
.0886
.0307
.L-ms
.0214
.ma7
.0401
mm

-.0176
-.2112

-$%
.0 w
.m19
.11s2
.mt4
.lIU
-!?444
.1.329

-238s
..zala

.lUC

.1W32

.Zaa?

.2953

.Z101

.Znl

.s3s4

.2201

.0223

.4460
-..0s70
-.114s
-.220s
-.mn
-.2588

.:: T
.0 -.0102

-.ocm
-.0122
-.0334 ..0;56

.0s48 .0102
.02!4 .Cocl
.0134 .0S3Z

-.0325 .0637
.0124 .01s4

-.9MS .01s0
..XQ7 .06s4

-.omz mm
- .07U3 .M :4

.0172 -.0319
-.UX4 -.0106
-.alu .@s
-.0442 -MS

.03Z1 -.mls

.MC4 .0097

.WM .0192

.=9s .auz
-.0184 .CuM

.Um .0727
-.O*U .Mla
-.034s .Caa
-.un .0205
-.0749 .0s43
-.0P32 .4264
-.018s ml
..07?7 .oaaa

~
.4s11
.s615
.U:t
.a28t
.6M+
.4?.51
.1172
.21M
.64ss
.U17
.1871
.7s4s
.7434
.7766
am
.nza
.Wm
.8988
.7724
.2924

1.017s
.s4s
.46U
.279.s
.mlo
.s 5s

1.0184
. 7M2

z

.%
-.062X

men

.1s43

.1216

.001s

.s40s

.03’7s

.Oam
-.0142
-..am
-.MW
..1032

.M21

.Mzl

.1017

.lll#
-.CQ5S

.3281

.0729

.0.321
-.ona

.1112

.0667

.C4S7

=

iw 62a S4J
&a 4:60 4 “a I ‘m’I “u’I ““I ‘“aI‘au’1“ I‘ ‘“oi “=:2794h .mm ..C477 -.0711 .Q3m :7217 :M2t

17.10

t

I
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I.- Continued

TEST RATAAND

TABLE

TABULATIONOF

(EO P=~”;’=~O
\l

RESUIZS

1
i++

‘S$+pi +2?-
P22a V12WLw91m9 D2wa

\

0 0 lZ.Z6 am .0791 -.
ho .0218 .’s44s -. 132s

.;: .240 .M19 -.0?97 -.110s
10 .320 .ca3 .0222

1:

0 ““ 2 ‘~ M “S( m~

-.1s17 - .OM!
.0919 .Om

20
-.3051

:% .1424 .1022 .21V8 -.04s9
1: .mo .1122 .0272 -.4822 -,2183 -.17M

c = 14.00

0 0 12.16 12 .02 - revs: -.t240 .0028 .20 .*3
:12: .02:

.4s
-.2.37s ..olcd J&2 .10 1 .Im

N
1:!0 :90 :IML ::c.m :.0210 ::2d22

.126 S240
::0s11

.s0 1 :Z 1.10
.0s9s :M2P

-.0321 -576
.011s - Mm .%

.0176 20
la 0 .12s .CQ79

.1229 - .mz& .0M5 - .Z207 -.OIH
.OLm .16

.144a ,02 ‘m
.*a .- 1.- :: .1172 . .00Ia.

.1Z6 .0s42 .02 2s .:8424 - :M9J
.0129 - .s222 - .0s92

.M2Q .1s
- :%7 .Mln .011s

.:
.20 .lSIL

,Us .C411
.Coss .C02t -.CSIS .411s .OIW .141a

.00s.0 -.1422 -.olob .MIs
-.03ss

.38
20

.95 1>? 1:: 1:: .1219
.11s

ma*
.0301 .0280

.0s12 -,1810 -.02s7 .wm .2 M? .:122
-.ztm -.004s .1144

1:
.1s . m 1 x-a .72 .1212

.12s .0248
.c027 .020a -.2422

::
-.0729 .M*l .Un

.0228 -.2s76 -.0702 .02a2 .18
.0462

.10
0 0 S1.M .s20

.1s91 .mc7 .c022 ..2692 .0019 .=4 1
.M 11 -.0114 -.211t .0176

.1s41
- .Q2da .2s

.0191
1.86 1.20 s:%

.s20
s:: .s287

.07U
- .Ca9 -.0122 -.2112 .0192

.;%

-.012s . 7*6O
.M w -.12s1 . ..3176 -.0s02

-.0219
. 7s 3.20 3 .Ca 3 .2!3 a.2s. .3301

.Sm
.c.am

.0762
-S3?4 ..1222 .W2t - .Ow+

. .06n - .07M .040s .Gfm .80 3.20
.1622 -.1020

3.9s 4.02 S.72 .ss42
10

.mm .020s
.a,m .Ono .0222 -.1101 ..0227 .0+40

-.0?27
.96

a21a .- .92t7 t.1c.1
$.20 8.20 a .20 a.w .s277

1:
.0M8 -.aMB -.02s7 AIU

.Ma .C8m
.7au

.0247 -.1122 -.1120
2’3

.0218 Jo 2 .ss 1.20 t .m 1 .s9
.s20 .1W4

.a2c4 -a: :% -.*W2 -.0174 .0122 .s91s - .mlr
-.1322 .Z2W -.022s

:
.C420 1 .m 4 Jo 4.W s .40

J*O
8.10

.lllZ .1014
.3s16 .1207 .1094 -.0s01 .1932 1 $:; .:::;

- .4m2 -.2222 .M22 .W 2.10 1.86 1.10 1.22 .W1O .mmo .M22 -.2474 -. ML! .022s

.

.
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‘TABLE

TABULATION OF

(h) ~

I.- Continued

TESl!DATA AND RESULTS

= 20°; T = M3°

T-

0

-E .Ms .COM ..OIM - .lTla .Q25 .C.24# — .11?3 -s378 .0231 ..lml -A-t= .Ux2 .lMS
10 0

.0242
as .MS6 .0x4 - .2K.3 -.U48 .- .Im .mln - .mm -.maz .010s .Ilm .0107
.12s .Oua .0m3 - .l’rls -.ams .Mm .16 .40

N
.40 .30 . 13m .M1l

.%
-.014s -.zm7 .mm -.M21 .llU

.12s .@se - mom -mm
-.om*

.m18 ~ .15 .20 .s0 2160 -s6 .0ss1 -.267s ..0s66 .Oux .1102
m o .s0 m % .U

.0427
J# mm .0157 -.2MS -.DM7 .s?8 .rm4 -.CUW m -.17a7 -.m7c .Mlo .1OTI .MC7

.05m .Wm -.24W -.-73
-::

.mm .0?5 .4CI — .m lam .mm -.0114 - .28s1 .Olm
.la&

.lsm - JIM
.Can -.02s8 - .1s63 - ma .1M3 .17s .td ;; .12s2 -.mz .Ouo - :%x

1 >=0 12 2.60 1.40
-.moO .mm

o 0 al.sa
.lcu .m4G

.am .1C46 -.0%6 - .62*8 A?6 -m .40 .=7s .as

.s03
-.uas -.m48 .0140 -.Olm .aan m

.1* .Ona -.wm -:.0 -.0?92 .6a 1.75 1.s6 1.90 1.13 .Ssn .U311
-:

-mm -.slm .M17 -.om4 .43=
.mo

- .0s0
.mw -.c!dm -.s4s6 .LMo6 .m 1 .4(! 1 .W 1.90 1.75 .s406 -.OMS .0237 -.6534 ..m40 ..C4X2 Am .okn

10 0 ..20 .1101 .0124 - Jam -.mdu .12s1 -
.am .llca

1.40 I.m 1.s0 1.03 .Ssn .CKa .Mla -Xoza -.mn .au AM6 .Oml
J-x0 -.661Z -.lmu ,MQ .07s 1.&3 1 .Ou 1.46 1.ss .Mw .LKm - .OIM

-?s
..8732

.s20
-.OI1l -.0224 .sMe -.D42G

. 10% - .*e# - .4*W -.0141 .llm .87s Z.m t .W t .90 t .m .aBe .Om - .4sca ..lln .M71 .- .1=7
to 0 .s20 .lwa .Mw -.44ea ..15s1 .tllc .(0 1s l.m 2 .M 1.= .mm -:%% ::: -.4M0 -.1s17 .mm

.lssl .mn - .66M - mm .1W8 I,M .80 l.n 1 .Is
A143 .Mc4

.Waa AMI -.72M - .0M9 .M1l .3MS .Kdc

c . 17JC2
7

0 0 11.21 . . m .0&a - .Wn mm -.KdT - M JO M41 - .mol Cma - .mn m 0m4 an 01 U
.mo .ca,: .Cys -.1611 :Omo - .U2u a .“m :

-Fs
>0 :002s .0m4 .iuB7 -.1468 .M07 :0241 :1OI3

am
->184

-.1848 .mm .Ona .Cus 0 .ss .40 >: .Mc9 -.cml .021T -.181s - .ewa .Oma .m14 .an
10 0 .0264 .0a2a - .IOls - .mw slam -

$% .cucu
0 .bo s .msr - .Una .Unr -.lmb - .01= .0s97 .ml

.m6 - .lmz .CCaz .02a - .“m
.:

.s0 :% .0s47 .KQ8 ..OUS -.14n mm .:%7 .1- .mu
.0.30 .m7@ -mm --- .mm m 0 .$ Aa
m .mn .&a

.mol .0314 ..1691 - .M1l Sam .0121 .mlr
to 0 - .Mm ..mr .C8m .0?8 AO .10 .mm - .CCQ7 51% -.15s2 -.CQE4 .0248 mot .CQsa

.cdO .msa .0c90 - .lma -.0112 .05m .0?s & : .40 =8 .MS7 -.WU -.K67
.H

-.1477 .MS7 .Mm .1M4 .mm
.0!0 .alw .Kuz -.1612 -.OIU .m?4 am 0 .s0 .4s .sQ .~ mom .cass -.lma -SC .Wla .064s .Mm

.

.
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TABLE Io - Continued

TABULATIONOF TEST DATA AND

(i) j3 = 20°; T =24°

\J\++

T

m

20

0

10

10

—

.08s’0 -.8160 .0140 -J-Ma .16

.0481 .m022 -.227s .wm - .m.m .06

.0?47 -.0140 - .U24 .01 ?2 ,02.S .10

.082s -.m38 -.2203 -.0123

.0241
.0s2n .0s

.C$mv -.7.076 -.0114 .02Q .1&
.02a9 - .Oma -.mrn .Cw2 .m .1s
.0672 .m22 -.t@26 -.0220 .1 Isa .16
.Mn .Wm -4015 - .U?m -.WW
.o#Q1 -.012s -.252a - .azm .14m R
.1020 - .0M6 -.7000 .0172 -.0172 .am
.14?s .0477 -.mn - .W16 -.022.3 .4 m
.1a12 -.4618 -.7U8 .1U2 .0262 .4?2
.lSM - .mzs -.%88 ..0272 .In? .20
.1472 ,Mm -.9151 -.1406
.1s41

.M40 .75
-.(UM ..MM .0172 .1225 .25

.1420 .cQ71 - .2K0 -- .l.?ZO .2422 .40

.1229 S221 -.7226 -.1220 .ly .C4
~ .0124 - .?024 .1 60 1.10

_
‘-.mnl

.0217

.0s,2
..olw

.Cuw.

.0242
- .mw

.mm
- .C.?m
-X448

.0z9e

.0124
-.0217

.Qms

.0576
..oCg

●

.

.

. . .

>.



z

●

NACA TN 4187

2ABLE

TABULATION OF

I .- Continued

TEST DATA AND RJHJ13S

.~o;T=~o

.

(J) $

\t--l\++

m
PA-W I mm MIS I mr KM

1 I

* + %
‘% ] ‘%! ’% [’=1 C“IC’IV’I ‘“1’~1 %1 A c-c,

%1 \

c, = 7.m

0 I 0 I 12.15 I .#m 1.20221 0 .l.nas .usSr I o .IRs I 1A5 I 1.48 I I.m I 1 .s3 I .s?01
.19s1

.K61
.Oml .1.1163 -.1c4# -.lma .m4 1.tc! 1.- .Sms 1 .nm

.2993 .2097 .1C49 .726 1.6s .6420 .m

.ms -.a”m :; %3 -.C4R.3 .1748 .?26 t .m ::2 .Mu

.meo
.OM 1

.Oml -1 .213s -.1s6’7 ..X. w .Sn 1.44 .S91C .01 M
.27s2 -.1121 -.cna .0s29 .7.447 J% ; :fl 1.16 .67CJ2 .Ux 1
.X.31 -.0140 .1.014 -.1740 .s44s .’Im 1.74 .b7E4 - .W.lla
.s317 .0666 -1.246 -.3113 .14n .m ; :R
.2972

.mzs .LwM
- .OK.l -.6s02 - .lSM .s146 1.s26 z.sb H

.14ss .01:7 -.6840 .9205 0 .48
397 .Cms

.1417
.63 Jn71 .0075

.0274 -.nu -.0(70 -DsR4 :E .40 m .2- .Omz
.14.% -ma - .W40 .m49 .OW-4 .8s ..m .SQ
.14m - .Luw - .Cd4c - sew .1-8 m

.lRm .UDm
.60

.1619
.54 .lHJ 1

.M1l - .Fa40 - .lcGa .CC4Z .20 .40
.Mw -all -.6443 .wm m~ m m :%’ s:
.1640 -.7624 - .0?42 a .M

.M074
& .M4b

.1s41 - .n?z -.1028 .0242 .Z!l JO .s3 .2928

.AOO

.4M

>%
.K.l
.-

:2?
.246
.24s
24s
S46
245
.a4n
.24s

1 .#a

::2
:$
1 .n7
1.40
s .CM

,60
.7h
.4s
da

G
.5>
.40

iws
.C.xe
.0366
Alla

-.-0
I-M I I .148I.1s7sI-,0640[ -.6.%0[ .CQ74 I .17’IC I .s0 I .* I ;?b I .40 1 :78 I .177, I :C066

=
-.x

.tlma

.0M6

.cQIs

.M54

.UX2

.CU27m-.-.-.0s2 -.8424
Am -. Man - :=

-.aa -.46ss-.%%s-.s9.?0 .cM1
.0602 -.WM -.1261
.C418 -.4s28 -.IMS

-gno -.ams .S.xo
-.6781 -.2029 7

:*Z
-.Oom

.M1O

.08:4

.LU61

.1M7

.M46 T
.mI1 :JMks
.2M7 -.ms7
.2s9s -.04s7
:2 ..M&l

.0255
.1C70 .mls
.am - .OIso
Jan .I:m

T

10

1. t

—

.wm

.1s62

.1ss2

.1442

.15s.3

.14s7

.15?9

.lmk

.1419

.1508

.16s7

.1&?3

.1 K61

.12es
-1371

c = Io.o

II
.t2s .60 .Ea
.17s .63 .40
.22s .40 .40
.tZs .W
.17s do ::
.22s .60 m
.175 .ea .41J
.IQs
.276 :: %
.27s .60 .56
.225
.178 :% g
.1?s .m .40
.4 m I.m
.379 .;6 1.10 1

-.0104
-.Wed

.02s8
mm
m-u

-.02.20
-.0284

.0486

.04m

.0s20

.@s9a
-AIM
- .mn

A’IQ
.0?62

=x7ri
-.Gdaa
-.mzd
- .W76
..6486
-.s742
-.7X4
-.S4M
-.0s90
-.4704
- .maa
-s02
-.UU
-.Mn
-&9uI

.03

.IOls
- .OS.M
..M&l

mm
.0s21
.0e4

-.llc.t
-.M6.Y
-mm
- .mZa

.Onl

.mu
-.lGn
- .142ZIT

..0104-.672s .0242
.02m -.69.X -.0415

-.0449 -.6SM .mn
- .cm9 ..67’ZR -.U6
..0207 - .ams .0343

.0274 ..cm -Jmss

.0~7 -.7245 - .lcas
- .otas -.4M3 .@44s
..mba -.m$ - .017s
-.0207 -AMs -MS
..0118 -.646s -.0s60

.mm -.s100 -.lma

.01s8 -.US -.114s
-.0414 - .%40 -.0618
-.b4ms -Sua -.U4S

-.017s
-.0693

m
.0ss7
.0115

- .01=
-.=50
-.CSS8
- .01s0

.01s2

.C4w

.0226

.G607
- J-Ma
-~

.C4S1 I
.! 9s -.018
.16s0 -mm
.17M .0s04
.1738 .Oca
.111$ .0440
.U46 -als7
.1410 -.0204
.Iaal .0264
.t14s -SIN
.UM .Ocm
.1619 mas
.0s72 -am
Jam .nlm
.2SH y&
.1ss1

y

::
.43
m
m

:2
.C8
.n
.61
.s0 1

27
.2774
.243+
.20s8
ass
.2478
.Zw a
.277s
.lMa
.1*84
.ZM4
.aWo
.2961
am
.274s

- .mw
- mm

245
.2*6
’24s
.t4s
.245
.?46
.24s
.2!s
.Zu
.246
446
.Z45
.Z48

.Owa

.M63

.l.-IS5

.ChMs

.0513

. 15ES

.lns

.2070

.xln

.1 I&l

.1880

.lM8

.2 ?s0

m

::
.m
.70
.90
*O
a
m
Jo

lA%1.20

-am
mlfi
.0111
.M1O
.0390

-Jx40
.Cxda
.0092
.md7
ma
:.X86

-.cma
.03s4

--
1.11

.

‘-------
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!mBLE

TABULATION OF

(k) $

I.-.Continued

TEST DATAAND RESULTS

=,20°; T = 30°

\4\++\
Plan w“ Lnuw m.” -

.

K
00.

-H
!0 0

-E
too

.ti

r

III
-,Oloz,s0 *6
..oms ,10 .m

.Om .*O .10

.ca6 .10 .30
. saw .60 .U

.1s8.? .26 .40
.1666 ,10 S5
.1048 .10 .46

0 0 I
.’6 .40
.20 .m
.46
.30 :4?
.10 .45

.m
2: .40
.10 .40
6om E

.*LU 1 - .Ol&

.60s1 - .=096-.LW12.024?.:% mm .OIM

.207# -.0231 - .als

.tM6 - .mu .mm
Jmo .mm .mm
JLJU .W67 -.WM

-.4964
-.6016
-.4376
-.6L6T
-.6073
-.661s
- .4m1
- .464s

m

- .m3S
.Om.l

-.oms
-.0222

.mn
-.0664
- .Osm

.m 76
-

-.mls
-.0U7

.0160

.Oul
-.C07*

.ms

.m66
-ma

~. M,:o

~
14 m

T

.10 .s0

.10 .40
0 ao

:6 ‘-
’20 g
.10
JO .40
0 .ao

.s0
.3s g
.60
.’0 .66
.20 .60
0 do

.

7ZJ

.115
Jt6
.’28
.126
.’2s
.lm
.1:8
.’65
MS
.’68
.116
.12s
.126
.115
.163
.111
.180
am
.180
.1*O
,140
.MO
.164
.’6.0

.lm

.OToa - .mU -as= .0M6 - .Oy
am - ~6SG .0x4
.o~: .W”la - .s41s .W m - .om6

.oom -.341s .0140 -.0360
.0M6 - .C.uo - .asm .m*6 .cem
.mdt - .OLw - dam .017s .mCd
.Ons -.0018 - .3ZSE -.0163 .06m
.Ono - .mm -.5180 - .Oua .0702
.0?26 .Wla - .68s8 - .mM .mx4
.MQ6 .mm ..6mo . .msa .mm
.06M -.C411 -a16a 0 .0666
.m.6L -.0611 -aam .Osm
.0741 - J&

-+ ::%
.llm

.0726 - .Wd6 .lua
-.6976 - .W .@36

~6 -Jns -.0328 .OfM
.06s6 - m“ll - .86ss - .01s3 .Mae
.0667 -.019$ -.2086 ..omo .14ca
.0?= - .W’rl -mm .0208 -.c#36
.C966 .0X6 - .49U 0 - mu
.K#o -.0106 -.4016 .me4 .Uxd
.0428 .010$ -.4918 - .mm - .M40
,0956 -.0611 - .4CAo .06a .Cou
.mm .LM47 -.60’9 - .mM - .GdM
.m07 -.0247
.0BT4 -.- : ?:: “ma’

.0666

Jma .0”77 -.4066 -J&6 - $&
a616 -mm - .6DM .m06

.18

.60

.16

.Eo

.M

.m

.10

.10

.16

$
.60
.16
.06
.16
.10
.ao
.10
*O
.86

::
s
a

i:
.m
.s0

rg
.60
.10
s
.m
.24
.65
.1s
.16

g

.60
,ta
.60
.ss
.S6
.64
$

$
5
.40
.m
.s6

. 14S3 -.m’u .,mls

.MIB ..’045

.14m .LCm . mom
lx= := - $mm
.1421
.I’L8S - .U378 .mm
.1446 m g:
.1442 - .C.xx
.142S ..CO1l .C4L76
.141s . .M60 .ma6J
.14’0 -m mm
.1ss6 ..L.X6 .R?66
.14s1 - .m?l .=63
.’4s1 ..M4Z .mu
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WKLE II.- Concluded ..

TABULATIONOF ADDITIONAL TEST DATA AND RESUI/I’STO ESl?A13LISH

MAGNITUDE OF CHINE-EDGE-THICKNESSEWECTS

[ 1p = 00; Cv = 14.00

(b) Concluded.
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TABLE IV

SUMMARY OF EFFECTS OF YAW AND ROLL ANGLE ON HYDRODYNAMIC

BEHAVIOR OF A PLANING SURFAC&

[Inall cases yaw angle is positive]

Variable

Mean wetted-len@h—
besm ratio

Side-force
coefficient
(wind axis)

Drag coefficient
(wind axis)

Pitching-mment
coefficient
(body aXiS)

Rolling-moment
coefficient
(body axis)

Yawing-moment
coefficient
(body aXiS)

deg

o
20

0
20

0
20

0
23

0
20

0
20

Yaw,
Yaw,

no rolJ.
positive
roll .

1-
+

+
+ +

+
+ +

+

N N
+ N

N N
+ N

Yaw,
negative
roll

+
+

N

+
+

N
+

N
+

Positive
roll,
no yaw

+
+

+
+

+
+

N

N

.

.

%?or a given lift coefficient and moderate trim angle, the tabu-
lation indicates qualitatively whether unsymmetrical planing conditions
cause an increase (+) a decrease (-) or an insignificant change (N) in
wetted length, forces, and moments which exist for symmetrical planing
case. In this table, increase means to become more positive, decrease
means to become less positive.
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Figure 1.- FrLmatic planing surl%ces used in tests.
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Figure
(b)

2 .. Test setup.. (a) indicates tank no. 3 “~ift-ti%” aPP~at~;
indicates four-component balance tith attached Oo dead-rise model.
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Figure 4.- Four-component balance. (a) indicates pitch springs (note
Schaevitz unit); (b) indicates roll springs; (c) indicates yaw
sprhgs; (d) indicates side-force springs; (e) indicates yaw scale;
(f) indicates pitch scale; and (g) indicates roll scale.

●
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Figuxe 6.- Enlarged typic@ unde~ater photograph of wetted bottom erea.
~=20°; T=uo; $= 10°; @ = l~”; CA= 31.36; amd Cv = 14.0.
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(a) Load-speed schedule.

(b) Yaw-roll schedule.

Figure 7.- Outline of basic test program.
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.10 .20 .30 .40 .50 .60
Lift Coefficient ~CLb

Figure 9.- Comparison of high-speed lift data obtained in symmetrical
plsming tests at NACA and ETT for 20° dead-rise surface.
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